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The suggestion has been made (Bailey, loc. cit.) that the dis- 
appearance of colour in the dark or on heating can be explained in 
one of two ways. An equilibrium may exist between tautomeric 
forms of thiocyanic acid, of which the colourless form alone is stable 
at high temperatures and in the dark, or else a coloured complex, 
dissociated by heat or in the dark, is formed between the acid and 
the oxygen-containing solvent. The existence of a compound com- 
posed of equal numbers of molecules of thiocyanic acid and ether has 
been noted by Klason (J. pr. Chem., 1887, 35, 400). The possibility 
that the pink colour may be due to traces of iron cannot be ruled out, 
as is clear from the results obtained by Parenti (Gazzetta, 1889, 19, 
175) on repeating the earlier work of Miquel (Bull. Soc. chim., 1876, 
26, 442). This point is being investigated —TRiIniTy CoLLEcE, 
Dusuin. [Received, September 10th, 1926.] 


The Condensation of Quinaldine with m-Nitrobenzaldehyde. By 
Tuomas WESTON JOHNS TAYLOR and CHARLES Powys WooDHOUSE. 


IF quinaldine and m-nitrobenzaldehyde are condensed together by 
heating on the water-bath either with or without addition of zinc 
chloride, the sole product is 2-m-nitrostyrylquinoline, which 
crystallises from alcohol in yellow needles, m. p. 156° (Found: C, 
74:0; H, 4-65; N, 9-83; M, in nitrobenzene, 272-5; in ethylene 
dibromide, 289-7. Calc.: C, 73-9; H, 4:3; N, 10:1%; M, 276). 
The picrate melts at 261° (decomp.). The compound is unaffected 
by boiling with acetic anhydride. 

The observations of Wartanian (Ber., 1890, 23, 3645) as to the 
physical properties of this compound and as to the simultaneous 
formation in the above condensation of 2-8-hydroxy-§-m-nitro- 
phenylethylquinoline are incorrect. 

The styryl compound unites with bromine in chloroform solution 
to give a dibromide, which can be recrystallised from alcohol; m. p. 
170—171° (Found: Br, 36:4. Calc.: Br, 36-7%).—THEe Dyson 
PERRINS LABORATORY, OxFoRD. [Received, June 9th, 1926.] 


niin for Alternating Current Electrolysis. By Henry J. S. 
SanD and WituiaM V. Lioyp. 


EXPERIMENTS on superposing an alternating on a continuous 

current are often of considerable interest and importance (e.g., 

Allmand and Barklie, 7'rans. Faraday Soc., 1926, 22, 35, which also 

gives further references). In many electrochemical laboratories the 

alternating current and the measuring instruments required for 

such experiments are not available. Moreover, it may be desirable 
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to measure electrode potentials separately during each pulse of the 
current, a possibility which, so far as we are aware, has hitherto not 
been realised (Glasstone, J. Amer. Chem. Soc., 1925, 47, 940). 

We describe the following circuit in the hope that it may be as 
useful to others as it has been to ourselves. It makes use of a source 
of continuous current and a revolving three-point commutator. 
Successive alternating pulses of arbitrarily adjustable value may 
be obtained and separately measured. The ammeter may be a 
direct-current instrument. Thus all the electrolytic effects 
obtainable by superposing alternating on direct current may be 
produced, the sinusoidal 
character of the alternating 
current being of no import- 
ance in such experiments. 

The accompanying figure 
is sufficiently explanatory. 
A suitable voltage can be 
impressed on the ends r, 
and r, of the sliding 
rheostat, R, by means of 
the battery, B, and the 
back resistance, R’. The 
slider s is connected to one 
of the electrodes e, of the 
cell EZ, the other electrode, 
€,, being connected through 
the commutator, C, alter- 
nately via the points a, 6; 
OF Gp, by, respectively, to the 
two ends, r, and r, of the sliding rheostat. The branchesa, 6, and a,b, 
may each include an ammeter, A, but as a rule one ammeter suffices 
if it be successively interposed in either branch as required. (This 
can be easily arranged by means of a combined double-pole switch 
and short-circuiting key such as can be improvised from a Pohl 
commutator.) If two uni-directional pulses of different magnitude, 
corresponding to a feeble alternating current superposed on a more 
powerful continuous one, are required, they can be readily obtained 
by altering, say, the connexions e, s and by 7, into e, 7, and Bb, s. 
By the use of suitably designed commutators, the time during 
which successive pulses are in operation may be made unequal. 

Where electrode potentials during each pulse are to be measured, 
a second two-point revolving commutator is mounted on the same 
shaft as the first. The auxiliary electrode is best permanently 
connected to one terminal of the potentiometer, the working 
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electrode under examination being connected through the two- 
point commutator to the other terminal of the potentiometer. 
The construction of the two-point commutator should be such that 
connexion is only made during a slightly shorter interval than that 
during which the pulse to be examined flows through the cell. The 
well-known Whetham double commutator can be readily adapted 
to the purpose, three unnecessary brushes being removed.—Smr JoHN 
Cass TrecunicaL Institute, E.C.3. [Received, September 16th, 


1926.] 


CCCXCVIII.—The Diffusion of Zinc in the a-Series of 
Solid Solution in Copper. 


By Joun StantEy Donn. 


THE phenomenon of diffusion in solid substances presents many 
points of considerable interest, but the experimental difficulties 
encountered, e.g., by Roberts Austen (Bakerian Lecture, 1896; 
Proc. Roy. Soc., 1900, 67, 101), van Ostrand and Dewey (U.S. Geol. 
Survey, 1915, Paper 95a), and von Hevesy (Ann. Physik, 1921, 65, 
218), have deterred investigators from making a thorough quanti- 
tative study of the process. 

Several points connected with the phenomenon of diffusion 
require further elucidation. Von Hevesy (Nature, 1925, 115, 674) 
and Geiss and van Liempt (Z. Meitallk., 1924, 16, 316) claim to 
have shown that diffusion into single crystals does not occur. On 
the other hand, microscopic evidence indicates that diffusion takes 
place throughout the whole mass and not merely along the crystal 
boundaries. Von Hevesy suggested that the phenomena of diffusion 
and of electrolytic conductivity in crystals are due to the presence 
of loosened patches in the crystal lattice through which the atoms 
and ions may move with comparative ease. The author investigated 
this idea theoretically (Proc. Roy. Soc., 1926, 141, 203) and found 
that an expression of the type 


D=e4oMF...... 


should describe the variation of the diffusion coefficient (and by 
a natural extension that of the conductivity) with temperature. 
(Here, D is the diffusion coefficient or conductivity, R and 7 have 
their usual significance, and A and Q are constants.) It has been 
shown that this equation describes with considerable accuracy the 
diffusion of oxygen through films of metallic oxide, and the data 
of Horton (Phil. Mag., 1906, 11, 505), Streintz (“‘ Das Leitvermogen 


von Gepressten Pulvern ”’), Rasch and Hinrichsen (Z. Elektrochem., 
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1908, 14, 41), Konigsberger (Physikal. Z., 1907, 8, 883), and Phipps, 
Lansing, and Cooke (J. Amer. Chem. Soc., 1926, 48, 112) show a 
similar agreement for conductivity phenomena. 

Although Dushman and Langmuir have claimed the validity of 
this equation for diffusion in solid metals, the published data upon 
this point might well be amplified, for the figures of Roberts Austen, 
on the one hand, and of van Ostrand and Dewey on the other, 
show considerable variation. 

The objects of the present investigation were: (1) To work out 
a simpler technique for the investigation of diffusion phenomena; 
(2) to measure the diffusion coefficient in circumstances which 
admit of little doubt concerning the fact of diffusion within the 
crystal; and (3) to test the validity of equation (1) and, inci- 
dentally, of von Hevesy’s theory of lattice loosening. 

It has long been known that when brass is heated in an inert 
gas or in a vacuum it loses zine in the form of vapour. Turner 
(J. Inst. Metals, 1912, 7, 105) showed that the whole of the zinc 
might be removed from molten brass and, together with Thorney- 
croft (ibid., 1914, 12, 214), made a study of a series of the brasses 
when heated in a vacuum. It was not realised, however, that this 
phenomenon afforded a remarkably simple method for the study of 
the diffusion of zinc in solid brass. 

If zinc is allowed to evaporate in a vacuum from a brass surface 
the process becomes analogous to a well-known physical process— 
the cooling of a semi-infinite solid under the conditions of initially 
uniform temperature and boundary conditions 7’ =—0 for ¢>0, 
t representing time. The problem is indeed identical with that 
investigated by Rayleigh in his estimation of the age of the earth 
from the temperature gradient at the surface. A somewhat similar 
method has been used by Langmuir to determine the diffusion 
coefficients of thorium in tungsten (Physical Rev., October, 1923), 
but his mathematical treatment is more involved since his experi- 
mental conditions did not permit of the use of the semi-infinite 
solid as an approximation. 

The solution of the diffusion equation under these conditions is 


a 
e 


Va du. 


C= 
0 


This expression may be integrated with the aid of tables, and 
we then know the concentration of zinc, C, at a distance z 
from the surface for an arbitrarily chosen value of D. Plotting 
concentration against distance, the total amount of zinc lost in a 
constant time, ¢, can be calculated by a graphic integration. It 
can be seen by inspection that the amount of zinc diffusing to the 
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surface and across is proportional to ~/Dt. If, therefore, an 
arbitrary value be assigned to D, the amount of zinc lost in a 
time ¢ can be calculated, and the value of D which obtains for the 
specimen under examination is then found by simple proportion. 
A numerical example will make this clear. For a value of 
D = 1/360" = 0-0,77 by graphic integration we find that 9-39 x 
2/Vx% =10-7% of the total zinc is lost from 2 c.c. of brass across 
a surface of 1 sq.cm.inan hour. For a brass of d 8-86 containing 
9-58% of zinc this corresponds with a loss of (8-86 x 2 x 10-7/100) x 
(958/100) = 0-1816 g. = 181-6 mg. At 842° the actual loss is 
1-201 mg./sq.cm. Hence if D is the required diffusion coefficient, 


1/0:0000077 : /D = 181-6 : 1-201, 


1.€., D = 3-36 x 10°? cm.* per second. 
Fic. 1. Fic. 2. Fic. 3. 
9°58%, Zn. 29-08%, Zn. 40-05% Zn. 
és a a a? i me ae 
= x 
o 
> 3 —EE 8 — — ——— -—— + ——-— me 
y yy, fm ; | 
Zz / VY 
, = ll A _ = ae a 
.* a) | A A 5 
? TA, Fi (A 
F | be | | bo J 
& 1 7 [ TR 
x cl | 
S “| | a | a 
2 Beis | 
SS 1 2 3 1 2 1 2 3 


Time in hours. 
(Points denoted thus x represent squares of corresponding © values.) 


The experimental work entailed in such a determination occupies 
little more than an hour and the only observations necessary are 
two weighings. 

The apparatus was comparatively simple. The specimen in the 
form of a helical coil of wire was placed in a silica tube sealed at 
one end and connected to a Tépler pump at the other. After 
exhaustion the closed end of the silica tube was placed in an electric 
furnace, the specimen resting on the other end which projected 
some inches from the furnace and remained cool. When thermal 
equilibrium had been established, the specimen was allowed to 
slide down to the hot end of the tube, the Tépler pump being kept 
in constant operation. At the end of the experiment the tube 
was withdrawn from the furnace and allowed to cool rapidly; the 
loss of zinc was then estimated by weighing. 

The theory demands that the amount of zinc lost shall vary as 
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the square-root of the time, ie. W=kvVt. This relationship is 
obeyed accurately for alloys containing up to 30% of zinc, but for 
an alloy containing 40% of zinc a departure is observed, too much 
zinc being lost over long time intervals. 

The results obtained for the loss of zinc with time are shown in 
Table I, and are plotted in Figs. 1, 2, and 3. The circles represent 
zine lost and the crosses the squares of this quantity. The con- 
formity of the two specimens to the equation W = kV‘t is shown 
by the fact that the crosses lie on a straight line passing through the 
origin. 


TaBeE I. 
Rate of Loss of Zinc from a Brass Surface. 

Comp. of brass : Comp. of brass : Comp. of brass : 
90-42% Cu, 958% Zn. 70-86% Cu, 29-08% Zn. 59-90% Cu, 40-05% Zn. 
Temp. 842°. Temp. 842°. Temp. 775°. 
Time (hrs.). Loss (mg.). Time (hrs.). Loss (mg.). Time (hrs.). Loss (mg.). 
0-5 0-835 0-5 6-46 0-5 22-4 
1-0 0-98 1-0 9-90 1-0 41-55 
1-5 1-47 1-75 13-25 1-5 55-1 
2-0 1-73 2-25 15-49 3°16 83-4 

3:5 2-25 


The zinc loss per sq. cm. rose rather rapidly with increasing 
zinc content, obeying approximately the equation LZ = ae’, where 
zinc lost in unit time = LZ; percentage of zinc = C; and a is a 
constant. The diffusion coefficient varies in a somewhat similar 
manner. The experimental data are set out in Table II and 
plotted in Fig. 4, where the circles denote the actual amounts of zinc 
lost and the crosses the logarithms of these numbers. 


TABLE II. 


The Influence of Composition upon the Rate of Loss of Zinc from a 
Brass Surface. 
Loss of zine (in mg. per sq. cm.) in 30 mins. 


Zine in alloy (%). At 775°. At 842°. 
9-58 0-441 0-850 
13-34 0-840 1-41 
17-30 — 2-09 
23-13 2-60, 2-85 4-60 
29-08 2-76, 2-83 6-47 
40-05 18-8 58-0 


Both the rate of zinc loss and the diffusion coefficient vary 
exponentially with temperature, a result foreshadowed by the 
author’s work upon diffusion of gases through solid oxide films 
and that of Langmuir and Dushman on metallic diffusion. 

The experimental values are in Table III. On plotting the 
logarithm of the diffusion coefficient against the reciprocal of the 


nomlin ma wh aes 


Loss of zinc in 30 min. (mg. per sq. cm. of 
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absolute temperature (Fig. 5), a fairly straight line is obtained 
for the 29%-zine alloy and an excellent one for the 9-5% alloy, 
thus establishing equation (1). 


=v 


Loss of zinc 
(mg. per sq. cm.) 


TABLE III. 


1012 x D. 


(mg. per sq. cm.) 


Loss of zine 
102 x D. 


Loss of zine in 30 min. (mg. per sq. cm. of 


in 30 mins. (cm.*/persec.). in 30 mins. (cm.?/per sec.). 
Temp. Alloy containing 9-58% Zn. Alloy containing 29-08% Zn. 
641° 0-104 0-0507 0-649, 0-667 0-226 
725 0-296 0-409 1-73 1-62 
775 0-441 0-910 2-76, 2-83 4-10, 4:32 
842 0-850 3°36 6-47 22-6 
884 1-165 6-33 7:87 33-6 
Fic. 4. Fia. 5 
| | | e/ 
oo L —$} —_——}- —— 4 —l11 
. | | - 
q 4 | en ee lé 
wed i | a ° 
3 ingle Hy | vs a Ss 
= 30) —| —f- oe A —|__Agd___+____+_y9 > 
8 | | | | ee ~ 
| ae f; , oa : 
| rr. / | 14 | id 
| = : }___ \/ me = —|—______—_—__;__—_-j _]3 
| |_ A Y 
| =e ~0 iB — | — be Soieneies i aaa i uy 
10 20 30 40 1-1 1-0 0°9 
Percentage of Zn in alloy. 10° x 1/7. 


Discussion. 


The form of the zinc loss—-time curves calls for little discussion 
in the case of alloys containing up to 30% zine. They are quadratic 
parabolas as demanded by theory and justify the use of this method 
for the study of diffusion in solid solutions. 

The case of the alloy containing 40% of zinc is anomalous and may 
be complicated by the fact that during the course of diffusion the 
interior of the brass consists of the $-constituent, whilst the surface 
layers are composed of the «-brass only. A more detailed study of 
a 40%-zinc alloy is projected. 

The possible diffusion of copper into brass has been ignored in 
the foregoing considerations. This is probably of minor importance 
for small losses of zinc, but when these reach the magnitude observed 
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in the 40%-zine alloys it is no longer safe to neglect it, and the 
departure of these alloys from the parabolic law may be due in 
some measure to this factor of which the intervention would cause 
a departure from the ideal law in the same sense as that actually 
observed. 

The rapid rise of the rate of zine evolution and the diffusion 
coefficient with increasing zinc content is remarkable and indicates 
that the solid solution of zinc in copper deviates very considerably 
from ideal conditions. The square of the rate of zinc loss or the 
diffusion coefficient may be taken as a measure of the activity or 
thermodynamic concentration of the zinc in solid solution. 

According to the equation proposed by Rideal and Dushman 
(J. Amer. Chem. Soc., 1921, 43, 397; Physical Rev., 1922, 20, 113), 
it should be possible to calculate the value of Q in equation (1) 
from one observation of the diffusion coefficient, for if « . dt is the 
probability that an atem of zinc will move from one layer into the 
adjacent layer in time df, then D = «S?, where S is the distance 
between the layers. Further, « = (Q/Nh) . e@/27, where N and h 
are the Avogadro number and Planck’s constant, respectively. 
S? is calculated to be 5:23 x 10-6 cm.; at 1157° Abs. the 
diffusion coefficient is 6°35 x 10-1 em.; therefore x = 1-209 x 104, 
and 1-209 x 104 = 6-06 x 1023 s 6-55 x 10°27 . 21°98 ria, This 
gives by trial, Q = 12,800 cals., which is in only fair agreement 
with the experimentally determined value of 10,750 cals. 

The method now described opens up a new field for research. 
The diffusion of zinc and cadmium in metals such as copper, silver, 
and gold may be studied in circumstances of exceptional experi- 
mental facility up to temperatures well within the range of the 
ordinary resistance furnace. By working at much higher tem- 
peratures, Langmuir has shown it to be possible to evaporate 
a number of metals from electrically-heated tungsten and 
molybdenum alloys, and a complete survey of this field would 
undoubtedly be of great theoretical interest. The method may be 
applied to single crystals of zinc and cadmium alloys as soon as 
these have been produced and may then, with the aid of the 
microscope and suitable etching reagents, be used for a study of the 
directional diffusive properties of metallic crystals. 


Summary. 
The loss of zinc from a heated brass surface in a vacuum has 
been studied with reference to the influence of temperature, time, 


and composition. 
It has been shown that measurements of the diffusion coefficient 
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of zinc in the «-ranges of solid solution in copper can readily be 
made by observing the rate of loss of zinc. 

The diffusion coefficient has been shown to vary exponentially 
with zinc content and with temperature. 

The temperature coefficient of diffusion has been shown to be 
in fair agreement with the Rideal~Dushman unimolecular reaction 
equation. 

The possibility of using this method for a general survey of the 
question of diffusion in solid solution has been emphasised. 


The author wishes to thank the Council of the British Non-Ferrous 
Metals Research Association for permission to publish this work. 


THE LABORATORY OF PHYSICAL CHEMISTRY, 
CAMBRIDGE. [Received, July 10th, 1926.] 


CCCXCIX.—The Crotonic Acid Series. Part I. 
Nitrogen Derivatives of Crotonic Acid. 


By MontaGuE ALEXANDRA PHILLIPS. 


THE great difference in the rates of hydrolysis by aqueous sodium 
hydroxide of the isomeric «-ethylcrotonamides has been demon- 
strated by Newbery (J., 1925, 127, 295). This author also showed 
the relationships existing between the carbamides and amides of 
the «-ethylcrotonic acids, and there is little doubt that the carb- 
amide, m. p. 198°, and the amide, m. p. 104°, are labile forms, and 
the carbamide, m. p. 158°, and amide, m. p. 118°, the corresponding 
Stable forms. 

It was thought worth while to extend this investigation to the 
‘simplest member of the series which can display cis—trans isomerism, 
and the present paper deals with some nitrogen derivatives of 
crotonic acid. 

Crotonic acid is known in a stable (m. p. 72°, b. p. 189°) and a 
labile (m. p. 15°, b. p. 169°) form. Two amides have been described. 
One of these, the labile form, m. p. 102°, is obtained from the other, 
the stable isomeride, m. p. 158°, by the action of ultra-violet radiation 
(Stoermer and Roberts, Ber., 1922, 55, 1030). By no simple 
chemical means, however, has the author been able to obtain any 
form of the amide other than that melting at 158°. This amide, 
on hydrolysis by caustic alkali, is quantitatively converted into the 
stable crotonic acid, m. p. 72°. 

Two carbamides have now been prepared. One, m. p. 207°, was 
obtained from «-bromobutyrylcarbamide by the action of aqueous 


sodium hydroxide (1-mol.), and on hydrolysis even with one mole- 
5 1* 
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cular proportion of sodium hydroxide gave a mixture of cis- and 
trans-crotonic acids which did not solidify at 0°. This mixture was 
readily and quantitatively converted into the trans-acid, m. p. 72°, 
by the action of phosphorus trichloride followed by water at the 
ordinary temperature, or by a trace of hydrobromic acid. The 
carbamide of m. p. 207° is therefore the labile or cis-form. 

The isomeric carbamide, m. p. 234°, was obtained by the action 
of carbamide on crotony] chloride (made by the action of phosphorus 
trichloride on the cis-acid, the trans-acid, or a mixture of the two). 
It gave a quantitative yield of crotonic acid, m. p. 72°, on treatment 
with one molecular proportion of sodium hydroxide and is there- 
fore the stable or trans-form. 

Both carbamides gave n-butyric acid on reduction with sodium 
and alcohol; and from both, on hydrolysis, carbamide was pro- 
duced, but no trace of amide. The lower-melting carbamide decom- 
posed on treatment with hydrobromic acid and therefore could 
not thus be converted into the isomeride. 

The stability of the crotonamide, m. p. 158°, is evidently of a very 
different order from that of the «-ethylcrotonamides described by 
Newbery (loc. cit.), as might have been expected owing to the removal 
of the protecting ethyl group in the «-position. A direct comparison 
of the rates of hydrolysis confirmed this view, for on heating croton- 
amide, m. p. 158°, with N-caustic alkali at 80° for 30 minutes a 
quantitative yield of crotonic acid, m. p. 72°, was obtained. Similar 
treatment of the «-ethylcrotonamides left the materials largely 
unchanged. 

Ascheme is given showing the relationships between the preceding 


compounds. 
2N-NaOH 


~ 
f 


CH,Me:CHBr-CO-NH:-CO-NH, 
a-Bromobutyrylcarbamide, m. p. 156°. 


Labile forms. Stable forms. 
CHMe:CH-CO-NH:CO-NH, CHMe:CH-CO-NH:CO-NH, 
Crotonylearbamide, m. p. 207°. Crotonylcarbamide, m. p. 234°. 

Q 
‘> 
N-NaOH Ne 


wxaox CHMe:CH-CO‘NH, | 2%» CHMe:CH-COCI 


; ° 
Crotonamide, m. p. 158°. o a 
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CHMe:CH:CO,H HBr or =, CHMe:CH-CO,H 
Liquid crotonic acid, b. p. 169°. Solid crotonic acid, m. p. 72°. 
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EXPERIMENTAL. 


«-Bromobutyrylearbamide.—x«-Bromobutyryl bromide (b. p. 100— 
110°/100 mm.) was prepared in 80% yield from commercial butyric 
acid by the Hell—Volhard—Zelinski method (Ber., 1887, 20, 2026). 

A mixture of 14 g. of dry carbamide with 21-7 g. of «-bromobutyryl 
bromide was kept at 60° for 15—20 minutes, 100 c.c. of water were 
then added and the mixture was heated on the water-bath to decom- 
pose the sticky mass. After being washed with water and recrystall- 
ised from alcohol, the carbamide had m. p. 156° (Found: N, 13-5; 
Br, 38-4. C;H,O,N,Br requires N, 13-4; Br, 38-2%). 

trans-Crotonic acid was prepared in 40—50% yield from malonic 
acid and acetaldehyde by the method of Schiebler and Magasanik 
(Ber., 1915, 48, 1810). An alternative method, giving a 70—80% 
yield of the mixed isomerides, was treatment of «-bromobutyryl 
bromide with alcoholic potassium hydroxide (1 mol.) followed by 
acidification and ether-extraction. 

Crotonyl chloride, b. p. 124—127°, was prepared in 70% yield by 
treating 43 g. of the trans-acid (or the cis—trans-mixture) with 25 g. 
of phosphorus trichloride, decanting the upper layer after 3—4 
hours, and distilling it. 

Crotonamide (4 g.) was obtained by dropping 10 g. of crotonyl 
chloride slowly into 15 c.c. of cooled ammonia (d 0-880). After 
being washed and crystallised from benzene, it melted at 158° 
(Found: N, 16-3. Calc.: N, 16-5%). 

Crotonylcarbamide, m. p. 234°.—A mixture of 16 g. of crotonyl 
chloride and 20 g. of dry carbamide was kept at 70° for 30 minutes, 
100 c.c. of water were then added, and the mixture was heated on 
the water-bath until the sticky mass had decomposed (15—20 
minutes). After cooling, the crystalline mass was filtered off, 
washed, and recrystallised from alcohol. The yield varied from 
40—60% of the theoretical (Found : C, 46-5; H, 6-4; N, 22-1, 22-0. 
C;H,0.N, requires C, 46-8; H, 6-25; N, 21-:9%). 

Crotonylcarbamide, m. p. 234°, is not appreciably soluble in water 
or alcohol, and does not decolorise bromine water in the cold, 
behaving in this respect like the «-ethylcrotonylearbamides (New- 
bery, loc. cit.). 

Crotonylcarbamide, m. p. 207°.—«-Bromobutyrylearbamide (55 g.) 
was heated on the steam-bath with a solution of 11 g. of sodium 
hydroxide in 135 c.c. of water. Ammonia was evolved at once, 
and after 15 minutes the solution became acid to litmus. The heat- 
ing was continued for 10 minutes, the solution then made alkaline 
with 2N-sodium hydroxide, excess of sodium chloride added, and 


the crystalline precipitate filtered off (2). The filtrate was — 
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ively extracted with (b) chloroform and (c) ether. The aqueous 
residue was made acid to Congo-red, and exhaustively extracted 
with ether (d). 

After recrystallisation from alcohol, the solid (a) weighed 10 g., 
had m. p. 207°, and was the isomeric crotonylearbamide (Found : 
C, 46-6; H, 6-2; N, 21-9, 22.0%). On evaporation the chloroform 
extract (5) left 2-5g. of unchanged bromo-carbamide, and the ethereal 
extract (c) left no residue. The acid ethereal extract (d), on drying 
and removal of solvent, left 8-0 g. of viscous oil, b. p. 140—190°/28 
mm., which was not unsaturated and was probably impure s-di-«- 
hydroxybutyrylcarbamide; it was not further examined. On the 
assumption that 7 g. of the disubstituted carbamide were formed, 
the total amount of hydrolytic products obtained accounts for almost 
all the «-bromo-carbamide taken. 

Crotonylearbamide, m. p. 207°, is not very soluble in water, cold 
alcohol, ether, or chloroform. It resembles its isomeride in not 
decolorising bromine water in the cold. 

The action of 2 mols. of caustic alkali on «-bromobutyrylcarbamide 
produced an almost quantitative yield of an unsaturated acid mix- 
ture which, on treatment with phosphorus trichloride followed by 
water, was quantitatively converted into solid crotonic acid, m. p. 
72°. 

Hydrolysis of Crotonamide, m. p. 158°.—A mixture of 8-5 g. of 
crotonamide with 100 c.c. of N-sodium hydroxide was heated on 
the steam-bath for 30 minutes. On cooling and extracting the 
product with benzene, no unchanged amide was obtained. The 
aqueous residue, when acidified (Congo-red), gave an immediate 
precipitate (8-3 g., isolated by means of ether) of crotonic acid, 
m. p. 70° (theo. yield of acid, 8-6 g.). 

Hydrolysis of Crotonylcarbamide, m. p. 234°.—When the carbamide 
(12-8 g.) was heated on the steam-bath with 100 c.c. of N-sodium 
hydroxide, ammonia was evolved at once. At the end of 45 minutes 
the still alkaline solution was saturated with sodium chloride and 
extracted (a) with chloroform (6) with hot benzene. The aqueous 
residue, when acidified with hydrochloric.acid, gave immediately 
@ precipitate of solid crotonic acid, which was extracted with ether 
(c). On drying and removal of solvents (a) and (6) gave no residue ; 
(c), on drying and evaporation, left solid crotonic acid, m. p. 70—71° 
(7-4 g., representing 90% of the carbamide taken). The aqueous 
residue, on neutralisation, evaporation under reduced pressure, 
filtration from sodium chloride, and addition of concentrated nitric 
acid, gave characteristic crystals of urea nitrate. 

Hydrolysis of Crotonylcarbamide, m. p. 207°.—The carbamide 
(12-8 g.), treated exactly as its isomeride, gave the following result : 
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From (a) and (6) no residue was obtained; (c) gave 7-0 g. of a 
mixture of crotonic acids which did not solidify when kept at 0° 
for 1 week. On treating this mixture with phosphorus trichloride 
followed by water at 25—30°, 6-5 g. of solid crotonic acid, m. p. 
70°, were obtained. The aqueous residue contained urea. 

Attempts to obtain Labile Crotonamide.—(i) Action of caustic alkali 
on «-bromobutyramide in the cold. 4-8 G. of «-bromobutyramide of 
m. p. 111° were kept for 2 hours in 20 c.c. of N-potassium hydroxide. 
Ammonia was evolved after 10 minutes. The solid, after crystallis- 
ation from alcohol, melted at 111° and was unchanged «-bromo- 
butyramide. The filtrate contained traces of halide and cyanide. 

(ii) Action of caustic alkali on «-bromobutyramide at 100°. A 
similar mixture was gently boiled, and the gases evolved were passed 
through 50% sulphuric acid into a solution of semicarbazide in 
acetic acid. Crystals of propaldehydesemicarbazone (m. p. 150°) 
soon began to separate from this solution (Found: N, 36-6. Cale. : 
N, 36-5%) (compare Mossler, Monatsh., 1908, 29, 69). 

(iii) Action of water on «-bromobutyramide. After 11 g. of 
«-bromobutyramide had been boiled for 1} hours with 35 c.c. of 
water, 10 g. of unchanged bromo-amide were recovered. The halide 
in solution corresponded with 1 g. of hydrolysed bromo-amide, but 
no unsaturated amide could be obtained. 

(iv) Action of sodium ethoxide on «-bromobutyramide. a-Bromo- 
butyramide (17 g.) was added to sodium ethoxide (2-3 g. of sodium 
in 50 c.c. of alcohol) and the mixture was refluxed for 1 hour. On 
removal of alcohol, addition of water, extraction with chloroform, 
and removal of this solvent after drying, a gum was left which 
did not crystallise after being kept at 0° for some weeks. The 
aqueous residue was acidified; ether extracted nothing from it. 


In conclusion, the author would like to express his gratitude to 
Dr. A. J. Ewins and Mr. G. Newbery of Messrs. May and Baker, 
Ltd., and to Dr. J. Kenyon for their kind assistance and criticism. 


BaTTeRsEA PouyTecunic, S.W. 11. [Received, September 20th, 1926.] 


CCCC.—The Oxidation of Ammonium Sulphide. 
By Matcotm P. AppLeBzy and JoHN A. LANyYON. 


THE recovery of ammonia from coal-gas in the form of ammonium 
sulphate is usually effected by means of sulphuric acid, either by 
washing the crude gas directly with acid of suitable strength, or 
by first condensing the ammonia as a dilute liquor from which, 
after treatment with lime, the ammonia is distilled into the saturator. 
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It has often been pointed out that the crude gas contains more than 
sufficient sulphur to furnish the necessary sulphuric acid for the 
fixation of the ammonia, and several processes have been described 
by which ammonium sulphate may be obtained without the supply 
of extraneous sulphuric acid. The process of Cobb, depending on 
the precipitation of zinc sulphide and its subsequent reoxidation to 
zinc sulphate, and that of Feld, which is based upon a complex 
series of reactions involving the conversion of ammonium thio- 
sulphate into tetrathionate and vice versa, with the subsequent 
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formation of sulphate by decomposition of the tetrathionate (com- 
pare Meade, ‘“ Modern Gasworks Practice,” 1916), have been 
shown to be commercially practicable. Both, however, are some- 
what lacking in simplicity when compared with the usual processes 
of recovery in which sulphuric acid is used. A process simpler in 
theory is that of Burkheiser, in which sulphur is first removed by 
the iron oxide purifier charged with a specially active form of oxide, 
and then oxidised to sulphur dioxide by a blast of air. Two 
purifiers are used in an alternate manner, one being occupied in 
absorbing hydrogen sulphide from the gas while in the other the 
sulphur is being oxidised. The sulphur dioxide so obtained is 
finally united with the ammonia which has been separated at an 
earlier stage of the process, and the resulting ammonium sulphite 
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is oxidised in the dry state to sulphate by a current of warm air. 
The process may be represented by the equations : 
(1) (First purifying tower), Fe,0, + 3H,S = Fe,S, + 3H,0. 
(2) (Second tower), 2Fe,8, + 90, = 2Fe,0, + 6S0,. 
(3) 2NH, + SO, + H,O = (NH,),SO,. 
(4) 2(NH,).SO, + O, = 2(NH,),SO,. 


The primary purpose of the present 


investigation was to find out whether by 


a suitable choice of catalyst and working 
conditions it was possible to effect the 
oxidation of the sulphur contents of coal- 


Fia. 2. 


gas in one stage without the preliminary 


removal of ammonia, or, in other words, 
to effect the direct oxidation of am- 
monium sulphide vapour to ammonium 


sulphite or sulphate. 


EXPERIMENTAL. 


Apparatus and Materials—The ap- 
paratus of which the general lay-out is 


==) 


represented in Fig. 1 
consisted of : 


(1) Apparatus for 
the preparation and 
storage of the gases 
employed. 

(2) Flow-meters to 
measure the rate of 
supply of each gas. 

(3) A mixer and 
pre-heater. 

(4) The catalyst 
tube with its heating 
furnace. 

(5) The collecting 


system for the solid products. 


*) Sie y 


wt 


Air and coal-gas were introduced by means of blowers of the 
usual laboratory type operated by means of a small filter-pump, 
the inlet tube of the pump being open to the air in the first case 
and in the second connected to the gas tap. Ammonia obtained 
from a cylinder was conveniently stored in and delivered from a 
bottle of ammonium thiocyanate in the manner described by 
Foote and Brinkley (J. Amer. Chem. Soc., 1921, 43, 1178). Hydro- 
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gen sulphide was obtained in a pure condition by the action of 
water on aluminium sulphide, freshly prepared from its elements. 
The reaction was violent and the gas had therefore to be delivered 
from storage vessels. The apparatus used had some novel features 
represented in Fig. 2. It enabled several litres of gas to be stored 
over its saturated aqueous solution, the gas being brought in with 
taps A and B open and C, D, and E closed. By closing A and B 
and opening C and D the gas could then be delivered under a 
constant head through tap E. The taps on the generating bottle 
enabled the latter te be detached, recharged, filled with hydrogen 
sulphide and replaced without air being admitted to the storage 
vessels. 

The gases, freed from moisture and dust, were delivered by 
fine-adjustment taps to flow-meters of the usual capillary type. 
The flow-meters for air and coal-gas were calibrated by measuring 
the outflow of gas for different readings of the instruments, those 
for ammonia and hydrogen sulphide by chemical absorption and 
weighing of the gas passing in a measured interval. It may be 
useful to note that the absorbent for hydrogen suphide was lime 
slaked with a strong solution of ferric chloride and made up into 
granules of convenient size. This absorbent is rapid and com- 
plete in its action and gives excellent quantitative results when 
backed by a soda-lime tube to absorb the water liberated. None of 
the flow-meters gave a linear relationship between pressure and 
rate of flow, but tests made at intervals during the experiments 
showed that the calibration figures remained satisfactorily constant 
when the gases were clean. 

The mixer and pre-heater consisted of a wide glass spiral sur- 
rounded by hot water. This secured uniformity of composition 
and prevented the deposition of solid ammonium sulphides. From 
this apparatus the gas mixture passed by a short connexion into 
the catalyst which was packed in a silica tube of 16 mm. diameter 
heated in a resistance furnace. The furnace was wired in such a 
way as to secure uniformity of temperature; and the temperature 
of the catalyst was ascertained by a platinum—platinum-rhodium 
thermocouple. The temperature was maintained as constant as 
possible during a run by hand regulation, but it was recognised 
that in some experiments where a visible glow occurred in some 
parts of the catalyst the temperature recorded can only have been 
a mean. The thermocouple was so placed that it gave the tem- 
perature of the last parts of the catalyst to be traversed by the 
gas. The catalysts used filled the silica tube to a length of 25 cm. 
— Collection of the Products,—Although most of the ammonium 
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sulphate obtained solidified as a vitreous mass in the silica tube 
within 10 cm. of the end of the furnace, the sulphite which the 
gases contained formed a very fine fume which was not absorbed 
by water in any form of bubbling apparatus or in a pumice tower 
80 cm. long. Eventually it was found possible to collect the fume 
completely by means of an asbestos mat in a Buchner funnel fitted 
to the escape tube. In all experiments the fume so collected 
consisted of pure ammonium sulphite, as the following analyses 
show; no other sulphur product was detected in the fume : 


NH, = 31-10, 30-95, 30-49%. Mean 30-85%. 
SO, (by iodine) = 68-37, 69-00, 68-71%.) N anes 
(by BaSO,) = 68-73, 69-12, 69-00%, J Mean 68°82%. 
Calc. for (NH,),SO,: NH,, 31-03; SO,, 68-97%. 


The asbestos mat collector was inconvenient, since it produced an 
appreciable back-pressure. In view of the evidence obtained of 
the nature of the fume, it was therefore decided to collect only 
such portion of the products as would separate in a long, wide 
exit-tube and to assume that the sulphur not accounted for in 
this product had escaped as ammonium sulphite. The exit gases 
in each experiment where this assumption was made were proved 
to be free from hydrogen sulphide. 

The product was scraped out of the collecting tube as completely 
as possible by means of a nickel spatula and transferred, after 
being thoroughly mixed, to a weighing bottle. The products were 
nearly always apparently dry, but in a few cases where they 
appeared to be moist they were dried in a partially evacuated 
desiccator. 

Analysis—The ions NH,’, 8,0;”, SO,;”, SO,”, and NH,:SO,’ 
all appeared at various times in the products, as also did elementary 
sulphur. In the few cases where the ion NH,°SO,’ appeared (the 
product was coloured yellow by ammonium aminosulphonate and 
its decomposition products) analysis was not carried out, since it 
was clear that oxidation was incomplete. The ammonium content 
was determined by distillation into standard acid. The deter- 
mination of sulphite, sulphate, and thiosulphate in the product 
presented great difficulties, and success was only achieved by using 
the following method suggested by Mr. J. J. Manley, whose advice 
and assistance we gratefully acknowledge. The method depends 
on the slow oxidation of sulphite in air and the extrapolation from 
the iodine titre-time curve to the iodine titres before oxidation 
began (sulphite plus thiosulphate) and after it was complete (thio- 
sulphate alone), A measured yolume of water free from carbon 
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dioxide * is placed in a large conical flask fitted with inlet and 
outlet tubes and also with a tube by which a pipette can be intro- 
duced for the removal of samples. Air, freed from carbon dioxide 
and saturated with water vapour by passage through a similar 
flask, is passed through the water for 2 hours to saturate it with 
oxygen, a small glass capsule containing a weighed quantity of the 
solid sufficient to give a solution about 0-15N in reducing power is 
dropped in, the stopper replaced, and the current of air restarted. 
After a definite time from the addition of the solid the air current 
is stopped, a measured sample removed and at once run into a 
measured volume of N/10-iodine solution, the excess being deter- 
mined by thiosulphate. For the first half-hour samples are with- 
drawn every 5 minutes and afterwards every half-hour until a 
constant titre is reached. A characteristic example is given in the 
following table : 


Time Iodine Time Iodine Time Iodine Time [Iodine 


(mins.). (¢.c.).  (mins.). (c.¢.). (mins.). (c¢.c.). (mins.). (c.c.). 
5 19-65 30 16-25 150 9-0 270 6-65 
10 18-8 60 13-6 180 8-0 300 6-45 
15 18-2 90 11-5 210 7-35 330 6-5 
20 17:8 120 9-7 240 6-8 360 6-4 
25 16-95 


Extrapolated for zero time, 20-3 c.c.; for infinite time, 6-4 c.c. 


This analytical method, although laborious, gave very satis- 
factory results. Total sulphur was determined by oxidation of the 
whole by bromine-water and subsequent precipitation as barium 
sulphate. Elementary sulphur when present was obtained by 
difference from two estimations of total sulphur as barium sulphate, 
the first performed on the solid product, the second on the solution 
in water from which the sulphur had been removed by filtration, 
It is noteworthy that under the analytical conditions elementary 
sulphur does not react appreciably with iodine or with sulphite. 
Specific experiments failed to detect any such action. 

Catalysts.—The following catalysts were investigated : 

(1) Burnt pyrites. This was a commercial specimen from Tharsis 
pyrites and had the composition: Fe,O3, 87-34%; Cu, 2-14% (of 
which 1-11° was soluble in water, presumably as CuSO,); S, 4:15% 
(2-43% soluble in water). 

(2) Ferric oxide gel. Prepared by precipitating a solution of 


* Precautions against the entry of carbon dioxide in the air-stream or 
during the removal of samples by the pipette are necessary owing to the 
reaction between thiosulphate and unpurified air. Mayr has recently stated 
that the decomposition is not due to carbon dioxide (Z. anal. Chem., 1926, 
68, 274). The deleterious impurity in air is, however, removed by reagents 
which absorb carbon dioxide, 
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ferric chloride by sodium hydroxide. Before use it was dark 
brown and transparent and showed the characteristic conchoidal 
fracture of a gel. 

(3) Alumina powder. (4) Soft alumina. (5) Alumina gel. These 
were all prepared by precipitating a solution of aluminium sulphate 
with sodium carbonate. They differed only in hardness; the hard 
gel had a conchoidal fracture but was not transparent. 

(6) Bauxite. The specimen used contained some iron. 

(7) Pumice. The sample used contained little iron. It was 
ground to convenient size and freed from dust. 

(8) Chromic oxide. Some of the pumice used for catalyst (7) was 
boiled for 20 minutes in a saturated solution of ammonium 
dichromate, dried, and ignited. 

(9) Chromic oxide gel. Prepared by precipitating a solution of 
chromic chloride with sodium carbonate. The gel structure was 
well defined and was not destroyed at 500°. 

Tabulation of Results——Analytical data for the various products 
are given under three headings which require some explanation. The 
values under “ Found ”’ are the actual percentages of each constituent 
determined analytically without any adjustment. In most cases 
these do not add up to 100% because the products are somewhat 
hygroscopic and absorb water during the operations of detaching 
from the collecting tube and mixing. Under “ Dry” are the per- 
centages calculated on the assumption that the deficiency was due 
to water. The justice of the assumption was in several experi- 
ments verified by analysis before and after drying in a desiccator. 
From the total weight of product collected and the “ Dry” per- 
centages it was possible to calculate what percentage of the sulphur 
introduced as hydrogen sulphide had been recovered in the solid 
product. These figures are given under “ Recovery”’ in the last 
column of the tables. From the figures of the “ Dry” analysis 
and from the calculated quantities of NH, and SO,” equivalent to 
the sulphur not recovered, figures are obtained which are reduced 
to percentages and tabulated as “ Corrected ”’ (for the justification 
of this procedure see “‘ Collection of the Products ’’ above). 

Ferric oxide catalysts. Ferric oxide was known to catalyse not 
only the Claus reaction (2H,S + O, = 2H,O + 2S) and the oxid- 
ation of sulphur dioxide to trioxide, but also the oxidation of 
ammonia (Maxted, J. Soc. Chem. Ind., 1917, 36, 777). It was, 
however, thought possible that by suitable choice of temperature, 
oxidation of the sulphur content of the gas might be brought about 
without oxidation of ammonia. On passing a mixture supplying 
450 c.c. of air, 50 c.c. of hydrogen sulphide, and 50 c.c. of ammonia 
per minute over the pyrites catalyst, some reaction occurred at as 
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low a temperature as 150°, but at no temperature up to 400° was 
any considerable amount of solid deposited. At all temperatures 
the solid product was sulphur, formed by the Claus reaction, and 
the water formed was considerably more than corresponded with 
the sulphur. It was thus evident that ammonia also was being 
oxidised, the oxidation being apparently to nitrogen and water 
since no acidic nitrogen could be detected among the products. 
With ferric oxide in this form, therefore, ammonia was oxidised 
before a sufficient temperature was reached to carry the oxidation 
of hydrogen sulphide further than the Claus reaction. 

With ferric oxide gel and an increased supply of air at 195° a 
small solid product collected, containing principally sulphur and 
ammonium aminosulphonate. A similar product was obtained at 
200°, but it also contained sulphite and thiosulphate. At 235° 
a bright glow was observed in the front portion of the catalyst 
and the solid product was very small; much of the ammonia was 
oxidised. At 250°, there was no solid product and. little fume; 
there was a bright glow and the ammonia was almost completely 
burnt. The products were again nitrogen and water. 

From these experiments it appears that ferric oxide in any 
form is too active a catalyst in ammonia oxidation to permit its 
use for the desired reaction. In view of these results some experi- 
ments were performed with air and ammonia alone, mainly with 
a view to establish more certainly the products of oxidation. A 
very unexpected result was obtained, for it was found that pure 
ammonia was not oxidised at all on the ferric oxide catalyst between 
200° and 300°, although in presence of hydrogen sulphide at these 
temperatures oxidation is extensive and vigorous. On adding a 
small quantity of hydrogen sulphide to the entering gas, oxidation 
began with a glow in the catalyst and continued after the supply 
of hydrogen sulphide was cut off. Hydrogen sulphide accordingly 
acts as a promoter for the oxidation of ammonia on ferric oxide 
gel. In none of these experiments was there any further oxidation 
of the nitrogen. 

Alumina catalysts. Alumina in the form of bauxite is known to 
be an efficient catalyst for the Claus reaction and, so far as we 
have been able to discover, is not a catalyst for ammonia oxidation. 
The first catalyst used was alumina powder, to which the gases 
were supplied at the rate of 800 c.c. of air, 50 c.c. of hydrogen 
sulphide, and 100 c.c. of ammonia per minute. This catalyst had 
the desired properties : in a typical experiment at 230°, the product 
was white and dry, and completely soluble in water. There 
was no hydrogen sulphide or sulphur in the products. Analysis 
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Found. Dry. Corrected. Recovery. 
NH, 25-60 30-58 30-95 239% S 
so, 6-43 7-68 1-60 
SO, 24-44 29-20 60-66 
8,0; 27-24 32-54 6-79 


The product was thus mainly ammonium sulphite, a large part 
of which was lost in the very copious fume. The somewhat high 
proportion of thiosulphate shows that at 230° oxidation had not 
been carried completely to the sulphite stage. The thiosulphate 
is formed from sulphur resulting from the Claus reaction. 

The alumina powder, though efficient as a catalyst, was mechanic- 
ally unsuitable, since it produced a considerable back-pressure. 
Further experiments were accordingly performed with the coarser 
materials, the gas supply being 650 c.c. of air, 50 c.c. of hydrogen 
sulphide, and 100 c.c. of ammonia per minute in all experiments 
afterwards undertaken. The experience gained with alumina 
powder had shown this to be the optimum mixture. 

The following table summarises the experimental results with 
soft alumina and with alumina gel. Percentages of ammonium are 
omitted for reasons of space, although they were in each case 
determined. In most of the products of which analyses are given, 
the ammonia content corresponded within a few units per cent. with 
the total sulphur acids found, a slight deficiency in some experiments 
being traced to the presence of a small amount of ammonium 
metabisulphite in the product. This fact is in itself a proof that 
ammonia was not oxidised by this catalyst, since the ammonia 
supplied was only enough for complete reaction with the sulphur 
acids. 


Found. Dry. Corrected. Re- 
. ~ ~ - covery 
Temp. SO,. SO;. S,0,. SO, SO;. 8,0;. SO, SO;. S,0;. (% 8). 


Soft alumina catalyst. 


222° No appreciable product. Much sulphur deposited in catalyst. 

261 Much sulphur with moisture and aminosulphonate. 

338 §©=63-90 66:60 — — aa —* 3:36 66:50 — 88-2 
454 11:94 59-28 — 10-69 59-71 — 90-5 


479 14:20 54-65 1-34 14-26 54-96 1-35 13-12 56-10 1-24 91-9 
527 21-72 49:80 066 — am — 21-72 49-80 0-66 100 

533 24:29 47-40 0-66 24-84 47-82 0-69 18-20 52-46 0-50 75:3 

Alumina gel catalyst. 

395 15-50 47-74 9-78 15-66 48-25 9-89 7-72 58-76 4-89 51-6 
424 16-79 51-53 1-70 16°85 51-75 1-80 15-65 52-97 1-69  92-9T 
506 17-30 5440 — -- = — 17:30 5440 — 101-0 
550 4:65 65:50 — 4:69 65:76 — 3-72 66-48 — 79-8 


* Where no figures are given under “‘ Dry ”’ the original product contained 
only a negligible amount of water. 

t This product also contained a little free sulphur which was produced 
during an accidental stoppage of the gas supply. 
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Fig. 3, which represents the results with alumina gel, shows 
clearly the effect of temperature on the behaviour of the catalyst. 
Only one catalyst diagram is reproduced here, but the diagrams of 
other efficient catalysts are quite similar in general aspect. The 
noteworthy features are the following : 

(1) The percentage of sulphate in the product increases with 
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Alumina gel catalyst ; air 650 c.c. ; H,S 50 ¢.c.; NH, 100 c.c. per min. 


temperature to a maximum and then falls off. This is due, first, 
to the increase in the velocity of the reaction 280, + O, = 2SO, 
with temperature, and, secondly, to the exothermic character of 
the reaction. 

(2) The efficiency of the recovery increases as the proportion of 
the less volatile sulphate increases, 


EEO 


ww Pee 


THE OXIDATION OF AMMONIUM SULPHIDE. 2993 


(3) The formation of thiosulphate appears to be a low-temper- 
ature effect due to the persistence of the Claus reaction. 

The activity of ferric oxide in promoting the oxidation of ammonia 
was again shown in experiments in which we endeavoured to use 
the mineral bauxite as catalyst. The small percentage of iron con- 
tained in the mineral led to almost complete oxidation of the 
ammonia and no solid products could be collected. 

Pumice catalyst. The following results showed that pumice also 
acted as an efficient catalyst for the oxidation of ammonium 
sulphide : 


Found. Dry. Corrected. 
- ta ~ ra a r s ~ Recovery 
Temp. SO,. SO. SO,. SO. SO,. SO. % 8). 

426° Yield very small. 

470 4:25 65-10 4:30 65-99 3-40 66-60 80-4 
553 5:00 65-30 -- — 4:70 65-94 94-8 
662 11-75 57:30 12:05 659-21 11:20 59-90 98-0 
772 9-70 69-65 9-94 61-20 7:95 62-54 80-2 


These results are quite similar to those with pure alumina; the 
maximum formation of sulphate, however, occurs at a much higher 
temperature, and the amount is smaller than with alumina, in 
accordance with the sign of the heat change in its formation. 

The data obtained with alumina and with pumice are in accord 
with the work of Knietsch (Ber., 1901, 34, 4069) on the kinetics 
of the contact process, as was shown by a series of experiments 
in which the ammonia was omitted from the entering gases but 
added to the products emerging from the catalyst tube. This 
change of procedure produced no appreciable alteration in the 
results, proving not only that the ammonia is itself unoxidised 
by the catalyst, but also that it has no effect on the sulphur 
dioxide-trioxide equilibrium. 

Chromic oxide catalysts. Preliminary experiments with chromic 
oxide from ammonium dichromate and with chromic oxide gel 
showed that both materials catalysed the oxidation of sulphur 
dioxide, the gel being the more effective. On subjecting ammonium 
sulphide vapour and air to the action of the gel catalyst, however, 
it was found that chromic oxide, like ferric oxide, was a very active 
catalyst for ammonia oxidation. Much water was formed, but no 
solid product. The effluent gases were strongly acid, but the 
acidity was due to sulphur acids, no nitric acid being detected. 

Experiments in Presence of Excess of Coal-gas——Having estab- 
lished the possibility of quantitatively oxidising ammonium sulphide 
vapour to sulphite and sulphate, an attempt was next made to 
apply the process to a mixture approximating in composition to 
coke-oven gas. For this purpose a gas stream consisting of 650 c.c. 
of air, 50 c.c. of hydrogen sulphide, 865 c.c. of coal-gas, and 100 c.c. 
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of ammonia per minute was passed over the alumina gel catalyst. 
With the dry mixture the following results were obtained : 


Found. Dry. Corrected. 

- ; ~ cr a ~ cr ‘i ~ Recovery 

Temp. SO,. SO,. SO,. SO,. SO,. SO . (% 8). 
510° 16-20 57-50 16-25 57-65 2-20 67-40 13-6 
634 15-36 54-70 15-15 54-95 10-41 59-44 66-7 


Since the gas from coal distillation is wet, experiments were also 
performed with the same mixture saturated with water vapour 
by passing up a 50 cm. tower of wet pumice. 


Found. Dry. Corrected. Re- 

—— * ~ r is ~ covery 

Temp. SO,. SO,;. S,0,. SO, SO,;. S,0,. SO,. SO;. 8,0,. (%S8). 
484° 21-28 37:08 9:06 — — _— 5-95 59-96 2-55 33-6* 
641 16:00 54:10 — 16:23 5497 — 12:39 58:27 — 76-1 


* This product aiso contained 7:13% of free sulphur, or 201% corrected. 


In all these experiments the coal-gas interfered seriously with 
the efficiency of the transformation. The products were smaller 
in amount and much contaminated with tar, especially at the lower 
temperatures. At the higher temperatures, a green liquid was 
found in the collecting system and the products had a strong garlic 
odour suggesting carbonyl sulphide. On standing, the green liquid 
deposited a white solid, too small in amount for identification. 

It thus appears that, although the oxidation of ammonium 
sulphide in presence of coal-gas takes mainly the same course as 
with the pure gas, it does not run smoothly and gives rise to 
troublesome by-products. 


Summary. 


1. Ammonium sulphide vapour can be quantitatively transformed 
to a mixture of ammonium sulphite and sulphate by atmospheric 
oxidation at temperatures of 450° to 650° in presence of a suitable 
catalyst. 

2. Alumina, best in the form of gel, is the most efficient catalyst 
for this reaction, but pumice can also be used. 

3. Ferric oxide and chromic oxide actively catalyse the oxidation 
of ammonia, hydrogen sulphide acting as a promoter to ferric oxide. 

4. Experimental devices described in this paper include an 
apparatus for generation, storage and delivery of pure hydrogen 
sulphide at constant pressure, a quantitative and rapid absorbent 
for hydrogen sulphide, and a method for the quantitative deter- 
mination of sulphite and thiosulphate in mixtures of the two. 


InorGANIC CHEMISTRY LABORATORY, 
OxFORD. [Received, September 27th, 1926.]. 
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The Composition and Characterisation of 
Genuine Proteins. 


Hvueo Mitier L&eoturr, DELIVERED BEFORE THE CHEMICAL 
Socrety oN OcToBER 28TH, 1926. 


By SorEN PETER LavuRITzZ SORENSEN. 


Mr. PRESIDENT, LADIES, AND GENTLEMEN, 

May I be permitted to express to you, Mr. President, and to 
the Council of the Chemical Society my hearty thanks for the great 
honour you have shown me in inviting me to deliver the Hugo 
Miiller Lecture this year. 

If for the subject of the lecture I am to give to-day I have chosen 
the problem of the composition and characterisation of genuine 
protein substances—a problem equally important to Chemistry and 
to Biology—it is certainly not for the reason that a satisfactory 
answer can now be given. On the contrary, it will be a long time, 
and much labour will be required, before this will be possible; but 
the interest generally taken in the matter, and the discussions 
concerning the way in which these highly important substances 
must be assumed to be built up are at present so animated and so 
many-sided in nature that a brief account of the various points of 
view from which these questions are dealt with seemed to me to 
offer some interest to an assembly of English chemists. 

The inquiry into the composition of proteins is of a twofold 
character. In the first place it may be asked which elements enter 
into their composition, and in what proportions, that is to say, what 
is the “‘ elementary ” composition? When this question has been 
answered, the next will be the manner in which the different elemen- 
tary atoms constituting the protein molecule, or the complex of 
protein molecules, are joined together; in other words, of what 
compounds of simpler structure are the proteins made up? We 
shall first contemplate this aspect of the matter. 

In the first half of the last century the view advanced by the 
Dutchman Mulder was generally adopted, according to which all 
albuminoid matter was composed of one and the same organic 
substance, which, in consequence of the vital process, underwent 
various changes, whilst being at the same time combined with 
different proportions of inorganic substances. Assuming that this 
nitrogenous substance, this prima materia common to all 
albuminoids, formed the basis of the maintenance of the vital 
process, Mulder gave it the name of “ protein,”’ derived from the 


Greek verb signifying “ to occupy the first place.” 
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As knowledge of the different properties of the different protein 
substances increased, Mulder’s theory of a fundamental substance 
common to all proteins receded into the background and chemists 
began to fix their attention upon the decomposition products which 
can be obtained by the splitting-up of proteins on treatment with 
acids or alkalis or as a result of enzymatic action. 

As far back as 1820 Proust and Braconnot had isolated, from 
the acid-decomposition products of muscle and glue, leucine and 
glycine, respectively, to which was added by Liebig, towards 
the end of the ’forties, a substance obtained from cheese and from 
horn, namely, tyrosine. It was not until 1865 that the next decom- 
position product, serine, was isolated by Cramer from silk, and after 
that time new decomposition products were discovered—often at 
intervals of many years—so that we now know about twenty 
different decomposition products of protein substances. Of these 
products, I shall mention one only, namely, tryptophan, a very 
important substance isolated by Hopkins and Cole in 1901 from the 
mixture of products formed by the tryptic digestion of casein. 

The decomposition products of proteins are widely different in 
character, but, with the exception of proline and hydroxyproline, 
they all have one property in common, in being «-amino-acids, 
NH,°CHR:CO,H. 

As was shown systematically by Emil Fischer at the commence- 
ment of this century, such amino-acids can be united by means of 
suitable chemical reagents, with separation of water and formation 
of the so-called peptides : 


NH,°CHR-CO-NH-CHR’-CO,H 


Dipeptide. 
NH,-CHR-CO-NH-CHR’-CO-NH-CHR”-CO,H 
Tripeptide. 

NH o°CH-CO-NH-CH-CO-NH-CHR”-CO,H 

A i 
yH, = Hs 
CH, ‘H, 
CH, CO-NH, 
NH,-CH, 


Residue of lysine. Residue of the 
amide of glutamic acid. 


Tripeptide. 


Such synthetically-prepared peptides, and more particularly those 
of complicated structure, resemble in many points the less degraded 
decomposition products of proteins, the so-called peptones, and 
consequently it is an obvious conclusion that the proteins consist 
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essentially of amino-acids, bound together by peptide linkings, 
-CO-NH-. 

This conception of the structure of proteins, which was chiefly 
based on the very extensive investigations of Emil Fischer, furnishes 
the most reasonable and plausible explanation of the principal 
properties of proteins, more especially of the many analogies existing 
between proteins and amino-acids, and also of the formation of the 
latter by the decomposition of the former. The view taken by 
Fischer has indeed, during many years past, formed the general 
foundation of all researches and reflexions on the composition and 
structure of protein substances, and only the work done in the most 
recent years would seem to suggest the necessity of modifying it. 

In this connexion, I may first mention the Danish chemist N. 
Troensegaard, who five or six years ago proposed the view that 
protein substances are in the main built up of hydroxyl-containing, 
heterocyclic rings, more especially pyrrole rings. Troensegaard 
holds that in this way a bridge can be thrown between protein 
substances on the one hand and the pyrrole-containing compounds 
—the hemin of blood and the chlorophyll of plants—on the other. 
The following formula is given by Troensegaard as representing such 
a provisional model of a protein ring system : 


OH’H N— 


Troensegaard regards the formation of amino-acids by hydrolysis 
as taking place in the manner shown by the dotted line in the figure. 
It will be seen that such a hydrolysis, which requires the entire 
disruption of the pyrrole ring, will lead to the formation of alanine 
or, in the case of substitution in the methyl group, of substituted 
alanines such as phenylalanine, tyrosine, tryptophan, and histidine. 
By elaborate and ably conducted experiments (chiefly reductive 
decomposition experiments of different kinds), Troensegaard has of 
late years endeavoured to prove the correctness of his views; but 
in my opinion he has not yet succeeded in furnishing conclusive 
evidence. There can, however, be no doubt—as was also clear to 
Emil Fischer—that in the protein molecule there exist bindings other 
than the simple peptide linking, and it is highly probable that a part 
of the nitrogen which it has not yet been possible to isolate in the 
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form of known compounds from the hydrolytic decomposition 
products of a protein substance may exist in such, or similar, easily 
decomposable, heterocyclic rings as those mentioned by Troense- 
gaard; but it is surely going too far to replace all peptide bindings 
by heterocyclic rings of this kind. 

More compatible with the usual conception, according to which 
protein substances are complicated polypeptides, is the supposition 
that diketopiperazine rings may exist in the protein molecule. The 
simplest of such compounds is, as you know, glycine anhydride (1), 
and the general formula of the anhydrides of different amino-acids 
may be written as (IT). 


CO—CH CO—CHR’ 
(I.) NH<¢q—cd? NE NH<GHR’—co7 NA CL) 

The possibility of such groups being present in the protein mole- 
cule was recognised by Emil Fischer and repeatedly examined by Emil 
Abderhalden, but its present great interest dates more particularly 
from the time when, shortly after 1920, R. O. Herzog and his 


_collaborators, basing their views upon Réntgen-spectrographic 


investigations of high-molecular organic substances, including silk 
fibroin, tried to prove that the essential substance of silk fibroin is a 
polypeptide of simple construction or an anhydride of the same, 
containing only glycine and alanine. They consider that this 
compound is in all probability glycylalanine anhydride, and conse- 
quently is possessed of a diketopiperazinering. The molecules of the 
fundamental substance are supposed by Herzog to be combined with 
one another by secondary valencies. 

Since then, the question of the existence of diketopiperazine and 
other similar rings in the protein molecule has been the subject of 
much discussion and of thorough experimental investigation by 
Abderhalden, M. Bergmann, and P. Karrer. It would carry us too 
far to go into all the details regarding this very difficult question, 
which is as yet far from being cleared up; I should, however, like 
to mention a few particularly interesting details. 

It is Abderhalden who has made the greatest endeavours towards 
demonstrating the presence of diketopiperazines in proteins. He 
has succeeded in isolating such substances from the products of 
protein decomposition and has sought to prove that these anhydrides 
are not formed from polypeptides by a secondary process. Abder- 
halden has further studied colour reactions, and oxidation and 
reduction processes, towards which he finds polypeptides and diketo- 
piperazines behave differently. For example, diketopiperazines, if 
suitably reduced, yield piperazines—and so also do the protein 
substances studied by him—whereas the polypeptides do not; and 
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from these facts he draws the conclusion that protein substances 
must contain the diketopiperazine ring. 

Abderhalden’s experiments and his interpretation of the results 
have been the subject of a good deal of criticism, and, as it seems 
to me, not without reason. In my opinion, the most that can be 
said is that his researches go to show that at any rate a part of the 
protein nitrogen is probably present in the form of diketopiperazine 
rings. 

A very important point concerning the structure of protein 
material is the behaviour of the compounds towards proteolytic 
enzymes. Waldschmidt-Leitz and Schaffner (Ber., 1925, 58, 1356) 
have shown that none of the usual proteolytic enzymes attacks 
diketopiperazines, whereas polypeptides, as is well known, are 
readily decomposed by erepsin. This observation implies that no 
great part of the protein molecule can consist of diketopiperazines, 
at all events in the usual keto-form. On the whole, the reactivity 
of the commonly occurring diketopiperazines is too slight and these 
substances are far from being labile enough to justify the assumption 
that in the usual keto-form they constitute the main part of such 
easily changeable substances as the proteins. In fact, Abderhalden 
has repeatedly pointed out the possibility that the diketopiperazines 
may exist in proteins not in the usual keto-form, but in some tauto- 
meric, more labile form; indeed, particularly by heating them with 
aniline, he has succeeded in transforming common diketopiperazines 
into tautomeric compounds possessing a greater power of reaction 
and exhibiting properties that suggest the presence of an ethylenic 
linking. The following are the formule given by Abderhalden for 
these desmotropic—as they are called—2 : 5-dioxopiperazines : 

CO—CH, C(OH)-CH C(OH)—CH, 
NH<¢q,—c67 NH N<GH—-cG>NH N<GH. oH N 
Koto- form. Enol forms. 
C(OH rs C(OH)—CH 
NAH, COO NE «= NE<GH— Gon) NE 


New forms. 


Abderhalden believes that the desmotropic form prepared by him 
has a double bond between the carbon atoms, but he has no decisive 
reason for preferring this formula to the usual enol-form. Such 
proteins as silk fibroin, keratins, and the like, which are very resistant, 
contain, he supposes (Z. phystol. Chem., 1925, 152, 89), the stable 
keto-form, whereas the more labile proteins contain one of the 
anhydride forms with the double bond. He points out as parti- 
cularly characteristic that the labile glycine anhydride prepared by 
him is converted into the keto-form by simple heating in aqueous 
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solution at 90—100°, and it is undeniable that such a reaction 
reminds one of the denaturation of proteins by heating. 

The question of labile nitrogenous rings forming the fundamental 
structure of proteins has been dealt with also by other investigators 
from similar standpoints and on the basis of the results obtained in 
Réntgen-spectrographic researches on substances of high molecular 
weight. I will mention only a few of the most prominent of these 
inquirers. 

Karrer, Griinacher, and Schlosser (Helv. Chim. Acta, 1923, 6, 
1108) have shown that the silver compound of glycine anhydride, 
if treated with benzyl chloride on a boiling water-bath, yields the 
OO’-dibenzyl ether of dihydroxydihydropyrazine (III), which 
possesses quite different properties from those of the well-known 
anhydride of phenylalanine (IV). In contradistinction to pheny]l- 
alanine anhydride, the new compound can be very easily decomposed 

0-CH,Ph /H,Ph 
Yee came ; 
Va We... ; 
am) NS DN NEC ..... NH av) 


a H—CO 
‘CH,Ph CH,Ph 
by being heated in an acid liquid,with formation of glycine and 
benzyl alcohol. The authors, directing attention to the great 
lability and power of reaction possessed by such compounds in 
comparison with common amino-acid anhydrides, say: “Die 
Vorstellung, dass ein physiologisch so ungemein aktiver und wan- 
delbarer und chemisch labiler Stoff wie das Eiweiss nur aus verhiltnis- 
miassig reaktionstragen und bestaindigen Polypeptidketten und 
Diketopiperazinringen aufgebaut sei, kann schwerlich befriedigen.”’ 
‘More particularly can hydroxyamino-acids be easily formed by 
hydrolysis of compounds of the type here referred to, as will appear 
from the formula given below of a substance which will yield serine 
and glycine by hydrolysis. 
0-CH,CH(NH,)-CO,H _ Serine. 
_ ,G—CH, 
No _\N 2 Mols. of glycine. 
CH,—¢ 
O-CH,°CH(NH,)*CO,H Serine. 


In this connexion the wide-ranging experimental researches of 
M. Bergmann and his collaborators are of paramount interest. As 
@ perspicuous example, I may mention the investigations of Berg- 
mann and Mickeley (Z. physiol. Chem., 1924, 140, 128) on the 
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displacements which take place in benzoylserine. They may be 
expressed in the following form : 


H,OH 
CH-NH-COPh 
ye 
4.10 TT CO,H 
ss N-Benzoylserine. 
~ 
CH,-0-COPh acid reaction CH,°0 CPh 
CH-NH, “ bu-N7 
CO,H CO,H 
O-Benzoylserine. Oxazoline compound. 


If N-benzoylserine is treated with diazomethane, the methyl 
ester will be formed, and this compound, on treatment with thionyl 
chloride, even in the cold, yields, by loss of water, an oxazoline 
compound which is stable in alkaline solution and can therefore be 
saponified with formation of a salt of the oxazoline compound as 
depicted in the table. As soon as the liquid is rendered acid, 
however, hydration begins, with formation of O-benzoylserine. 
This compound is stable only in acid solution; as soon as the liquid 
becomes alkaline, a transformation to the original N-benzoylserine 
takes place. I will not go into the question as to the cause of these 
transpositions, but will only mention that if the benzoyl group in 
N-benzoylserine is replaced by the radical of glycine, NH,°CH,°CO-, 
we arrive at the formula of common glycylserine, on which also 
Bergmann has been working. The state of things here is rather 
more complicated, yet even in this case it has been proved possible 
to prepare compounds which by a mere alteration of the reaction 
of the solution are converted into isomeric substances. Bergmann 
says indeed: “Ich halte es fiir sehr wahrscheinlich, dass solche 
Oxazoline oder analoge instabile Ringsysteme am Aufbau der 
natiirlichen Proteine beteiligt sind ” (Naturwiss., 1924, 12, 1158). 

The researches of which I have now given a somewhat condensed 
and necessarily incomplete account, and all of which date from the 
last few years, are extremely interesting. It has been emphasised 
with perfect justice how desirable, indeed how necessary, it is for 
the comprehension of many of the transformations of protein 
substances to be able to point out labile bindings—I need here 
mention only the denaturation process, still obscure, which many 
soluble proteins undergo on heating or on treatment with alcohol. 

But a question now arises which in my opinion it is absolutely 
necessary to subject to a closer examination before we may draw 
decisive conclusions as to modern ideas regarding the structure 
of protein substances; this is the question how compounds having 
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the assumed structure will behave towards proteolytic enzymes. 
Concerning this problem, as far as I am aware, this only is known 
with certainty, that diketopiperazines, as I have mentioned above, 
in contradistinction to polypeptides, are not split up by erepsin. 
The question can now be put with all the more stringency because 
the investigations made by Waldschmidt-Leitz and his fellow- 
workers in Willstiatter’s laboratory at Minich have thrown more 
light on the specific effects of proteolytic enzymes. By means of a 
suitably effected adsorption of the enzymes (the adsorbent used was 
aluminium hydroxide prepared in a definite way) and subsequent 
convenient elution it has been proved possible to prepare the different 
proteolytic enzymes in a state of more perfect purity than was 
hitherto known. By this procedure it has now been shown—as 
stated in the table below—that all the peptides experimented upon 


Enzyme-specificity. 


—=noaction. + = action. +-+ = marked action. 


Enzyme. 
Trypsin + 
Erepsin. Trypsin. enterokinase. 

1. Alanylglycine ......sssesseeeeeeees oe — —_— 

2. Glycyltyrosine .......c..sccceseeees + — — 

3. Glycylglycine ........s.sesseeeeeee + — — 

4. Glycylalanine .............:-sseeee + — — 

5. Leucylglycine ...........sceeeeeeee + esas ani 

6. Leucylalanine .............s.se00e+ + oe a 

7. Leucylglycylglycine ............ ob — — 

8. Peptone (ex albumin, Merck)... -- + ++ 

De IED. seb scacscmaccobocecesessepteses — + 2 
BO, TVMIUS TABOO. ..0cccescscccccees — + ++ 
Phe GMMIMEOEE, ovccovecccssicécocsseeee — — +- 
BB, FORGE. ccccccnsccccnsvscccqcceccscese — — + 
PUREE oon ncscscncisbasscnenesnns acs —_ — |. 
Ber IED sibs concrseccesvsasvesereneese — — + 
Be CML cccececndiensdanciedsssastonsucse - — + 


' are split up by erepsin, whereas none of them—not even a tripeptide 
which was formerly considered to be decomposable by trypsin—is 
split up by the enzyme trypsin. It will further be seen that the 
field of activity of erepsin is confined to the simple peptides: 
neither peptone, protamine histone nor any of the comparatively 
complex proteins can be split up by erepsin. On the other hand, 
all these substances are split up by trypsin after the latter has been 
activated by means of enterokinase: in no case, however, can 
trypsin be replaced by erepsin, or vice versa. 

This view must, however, undergo some alteration in consequence 
of the investigations recently published by E. Waldschmidt-Leitz, 
A. Schaffner, and W. Grassmann (Z. physiol. Chem., 1926, 156, 
68) on the effects successively produced on clupein by different 
proteolytic enzymes. Indeed, it is shown that if the consecutive 
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order of the enzymes employed is changed, results are obtained 
which are inconsistent with the supposition that each enzyme 
possesses an absolutely specific character. The degree of specificity 
seems, on the contrary, to be dependent not solely on the different 
amino-acids which enter into the polypeptide complex concerned, 
but also on some other factors, as yet unknown. 

In one point, however, the two enzymatic scissions resemble each 
other. In both of them free carboxyl groups are formed (measur- 
able by formol titration or by Willstiatter’s titration) and amino- 
groups (measurable by van Slyke’s or by Folin’s method), and in 
the case of the simple polypeptides, where such a test is practicable, 
the formation of carboxyl and amino-groups takes place in equivalent 
quantities. This may be, and has hitherto been, accounted for by 
assuming a splitting-up of peptide linkings, and no evidence has 
yet been furnished to prove that the new cyclic compounds assumed 
to enter into the composition of proteins admit of being split up by 
trypsin or erepsin with formation of carboxyl and amino-groups. 

In peptic scission, it has long been known that the effect is far less 
radical. Most of the natural protein substances are attacked, at any 
rate after denaturation, by pepsin ; but the decomposition, measured, 
say, by means of formol titration, is only slight, whilst on the other 
hand the properties of the substances are greatly altered. What 
really takes place here is not yet known with certainty; it would 
seem, however, that it is something more than a splitting-up of a 
few peptide linkings. In this respect some experiments published 
this year by H. Steudel and his collaborators (Z. physiol. Chem., 
154, 21, 198) are of considerable interest. In the peptic scission of a 
number of proteins these investigators find a far greater increase of 
carboxyl groups than of amino-groups; but they too are unable 
to give a definite explanation of this fact. From some very recent 
experiments of E. Waldschmidt-Leitz and E. Simons (ibid., 1926, 
156, 114) it appears, however, that in the peptic scission of certain 
proteins (casein, egg-albumin, and Ricinus globulin), in the first 
stages at least, equivalent quantities of carboxyl and amino-groups 
are formed. 

Regarding the actual state of affairs, it seems to me premature 
to assume that the protein molecule is composed in the main of 
heterocyclic rings. Besides the well-known heterocyclic rings 
(the indole ring in tryptophan, the iminazole ring in histidine, and 
the proline ring) it is highly -probable that there exist smaller 
proportions of other heterocyclic rings; however, I still consider 
the peptide linking the principal one. 

It is quite another question whether or no the protein molecule 
may reasonably be supposed to consist of one large polypeptide 
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complex. According to the Réntgen-spectrographic researches, 
the fundamental substance in the crystalline part of silk fibroin 
appears to have a simple structure; but it may just as well be a 
dipeptide as a diketopiperazine ring. Something similar, though 
often considerably more complicated, may be the case with other 
proteins, which accordingly would have to be considered as consist- 
ing in the main of larger or smaller polypeptide complexes, bound 
together by secondary bindings or by mutual salt formation taking 
place, without any real chemical reaction, between the complexes. 
Such complexes loosely knit together would act in solution as a 
co-ordinated whole and consequently exert but a very slight osmotic 
pressure, as, in fact, is the case. The view here advocated also 
accounts for the remarkable behaviour with regard to solubility 
and fractional precipitation of the albumins and globulins in salt 
solutions. 

In an earlier paper (Compt. rend. Trav. Lab. Carlsberg, 1923, 15, 
No. 11; J. Amer. Chem. Soc., 1925, 47, 457) I accounted for the 
solubility of serum globulins and tried to show that these remarkable 
phenomena can be explained, not on the assumption that we have 
to do with mixtures of different globulins, but only by assuming 
these different globulin complexes to be loosely combined with one 
another in a larger whole, to which I assigned the formula E,P,. 
This was intended briefly to express that the different globulins 
contain different numbers of euglobulin complexes (E) and pseudo- 
globulin complexes (P), thus accounting for all that seemed strange 
in the solubility and precipitation relations. 

Later on, in explaining the results of a series of fractionating 
experiments on casein, Linderstrom-Lang at the Carlsberg labora- 
tory has successfully used the same view. 

If, however, we are to get to the bottom of the matter in the 
examination of these complexes, without splitting them up, the first 
thing to be done is an intensive fractionation, and it is of 
supreme importance that the protein to be used for this purpose 
shall be really pure or at least as pure as it can be obtained without 
loss of its characteristic properties. 

We here encounter the second question upon which I should like 
to touch to-day, namely, the characterisation of the individual 
protein substances. As this question is bound up with that of 
the elementary composition of proteins, I beg leave to say a few 
words about it. 

As is generally known, all proteins contain the elements carbon, 
hydrogen, oxygen, and nitrogen; and most of them also small 
quantities of sulphur and phosphorus. The different proteins have 
approximately the same percentage composition, it is true; but 
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nevertheless the differences, and more particularly those in the 
nitrogen, sulphur, and phosphorus contents, are so considerable that 
when we come to characterise the individual groups the percentage 
composition is of valuable assistance. The content of sulphur is 
but slight, and that of phosphorus generally quite minimal, and the 
question therefore arises whether we have here to do with integral 
constituents of the protein molecule itself or of the molecular com- 
plex, or whether the sulphur- or phosphorus-containing compounds 
are only loosely bound, say by adsorption, to the real protein, with 
the characteristic properties of which these foreign substances have 
nothingtodo. Itis quitenatural to make such reflexions, particularly 
if dissolved proteins are considered as composed of a number of 
complexes loosely knit together, the mutual binding relations of 
which are liable to be altered by alterations in the temperature, 
hydrogen-ion concentration, salt concentration, etc., of the solution. 
It would take too long to go into this question in great detail; 
I shall have to confine myself to trying to throw some light upon the 
subject by the aid of a few examples relating to the phosphorus 
content of proteins. 

Setting aside nucleoproteins and their degradation products, the 
nucleic acids, which, as you know, occupy a peculiar position in the 
chemistry of proteins, the phosphorus content of proteins shows 
variations from infinitesimal amounts up to 1% of the dry substance. 
Those among these proteins which contain the highest amount of 
phosphorus, and which in several points exhibit similar or identical 
properties, have been united under the common designation of 
phosphoproteins or phosphoproteids, the principal representative 
of which is casein. In regard to the other proteins, it is, rather 
implicitly, believed that the phosphorus content originates in 
impurities, probably adhering phosphatides (lecithin and the like). 
I doubt, however, whether this question can be settled in so simple a 
manner, and I should like to make good my doubt. 

Common casein, prepared and carefully purified by Hammarsten’s 
method, contains about 0-8% of phosphorus and about 15-6% of 
nitrogen, i.e., about 50 milligrams of phosphorus per gram of 
nitrogen. The inquiry now arises whether the whole of this phos- 
phorus belongs to the casein molecule as an integral constituent, or 
whether, by further purification or by an appropriate fractionation 
of the casein, the phosphorus content can be diminished without the 
casein losing its characteristic properties. This brings us to the 
question what is the best definition of casein, or, in other words, 
how this substance is to be most correctly and most exhaustively 
characterised. For this purpose we may choose the old familiar 
reaction—the conversion of casein into the insoluble calcium salt of 
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paracasein by addition of a soluble calcium salt and a rennet solution 
(an extract of the mucous membrane of calf’s stomach)—which is 
specific and particularly suitable for the characterisation of casein. 

As I have already mentioned, Linderstrom-Lang has succeeded, 
by suitable fractionation, in separating casein into several fractions 
having differing properties, e.g., different solubilities in hydrochloric 
acid containing sodium chloride, the phosphorus contents being like- 
wise different, and varying from a little more than 50 mg. down to less 
than 20 mg. of phosphorus per gram of nitrogen. Yet all the frac- 
tions gave the characteristic rennet reaction. Which phosphorus 
content is, then, to be considered as the normal one of casein? Or 
still more precisely: Is it possible to prepare a casein free from 
phosphorus and nevertheless able to give the rennet reaction ? 

If as examples of proteins poor in phosphorus we take globulin 
and albumin derived from white of egg and horse’s serum, it will be 
found that these substances present a most peculiar picture, which I 
have broadly outlined in the table below. All the substances had 


Phosphorus content of albumins and globulins. 


Solubility in 
Am,SOQ, solution 
Mg. P per g. of total N. under certain 
conditions. 
P precipitable Increasing con- 
P coag. by alcohol. tent of P. 
Egg-globulin .............se00 2 — — 
Egg-albumin ...........+..0+6 7-5 Whole amount of Constant. 
coag. P. 
Ordinary serum-euglobulin 2—40 vs—s5 amount Decreasing. 
of coag. P. 
Ordinary serum-albumin... 0-3—1-5 ys— 35 |+amount Increasing. 
of coag. P. 
Serum-albumin after treat- 0-04 Almost the whole 
ment with alcohol-ether amount of coag. 
at —4°. P. 


been carefully purified by a long succession of precipitations and 
dialyses, or in the case of albumins by repeated crystallisation. 
As to the egg-proteins, you will notice that the albumin has a 
higher phosphorus content than globulin; with respect to serum 
proteins, the case is quite the reverse. In the egg-albumin, prepared 
and recrystallised in the usual manner, the phosphorus content is 
practically constant and appears to be intimately bound up with the 
rest of the molecular complex of the egg-albumin, as the whole 
amount of phosphorus is precipitated along with the latter, whether 
the precipitation be effected by heating or by means of alcohol. 
The case is quite different with the serum proteins, where only a 
small part of the whole amount of coagulable phosphorus is pre- 
cipitable by alcohol. Hence it is probable that—in harmony with 
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what was formerly assumed—the substances concerned are but 
loosely associated with the serum-protein complexes. The question 
whether these substances are to be looked upon as impurities or as 
belonging to the albumin or globulin complex must, in my opinion, 
be settled by an inquiry into the possibility of removing them with- 
out depriving the albumin and euglobulin of their characteristic 
properties. In this connexion, I regard it as particularly important 
that the albumin should be capable of crystallising (a property which 
it is apt to lose at the slightest alteration) and that the euglobulin 
should preserve its well-known property of being only slightly soluble 
or quite insoluble in water, but soluble in weak salt solutions, from 
which it can again be precipitated by addition of water. 

Fortunately we possess a trustworthy method by which practically 
the whole amount of coagulable phosphorus can be removed from 
serum without detriment to the above-mentioned characteristic 
properties of the albumin and the globulin. The procedure was first 
indicated by W. B. Hardy and Mrs. 8. Gardiner (J. Physiol., 1910, 
40, 68) and later employed by E. G. Young (Proc. Roy. Soc., 1922, 
B, 93, 15), and consists in precipitating the serum at —4° by alcohol, 
after which the precipitate is thoroughly treated at the same 
temperature with alcohol and ether. With respect to the serum 
proteins, the materials in question must therefore be nothing more 
than impurities, and not integral constituents at all, so that the 
phosphorus content can scarcely be held responsible for the rather 
strange fact that under certain conditions euglobulin becomes less 
soluble in an ammonium sulphate solution the greater its phosphorus 
content is, whilst the serum-albumin behaves conversely. 

I have tried to purify egg-albumin too by treatment with alcohol 
and ether at —4° and even lower temperatures, but could not extract 
any phosphorus; the egg-albumin was completely denatured, and 
the denaturated substance contained, just as it did before the treat- 
ment, 7-5 mg. of phosphorus per g. of nitrogen. I may add that by 
such a treatment casein also fails to give up phosphorus-containing 
substances to the alcohol. 

In this respect,therefore, there seems to be an essential difference 
between the two albumins, serum-albumin having to be regarded as 
free from phosphorus, whilst egg-albumin is to be looked upon, for 
the present at least, as a phosphorus-containing substance. 

In some memoirs on egg-albumin published by me some ten years 
ago, I tried, upon the basis of my measurements of the osmotic 
pressure of egg-albumin solutions, to determine the weight of the 
molecule or molecular complex of egg-albumin in the anhydrous 
state, and at a rough estimate the molecular weight was found to be 
approximately 34,000, corresponding to a content of about 380 
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nitrogen atoms. This molecular weight agrees well with that 
(33,200) found last year by E. J. Cohn (Physiol. Reviews, 1925, 5, 
No. 3, p. 359), who supposed two tryptophan groups to be present 
in the molecule, and also tallies with that recently obtained by 
I. B. Nichols, who found the molecular weight of well-purified 
egg-albumin to be between 33,000 and 35,000 by Svedberg’s centri- 
fugal method (Z. physikal. Chem., 1926, 121, 76). 

If, then, the molecular weight is taken to be 34,000 and the 
number of nitrogen atoms to be 380, a simple calculation based on 
the assumption that there is one atom of phosphorus in the molecule 
would demand a content of 5-8 milligrams of phosphorus per gram 
of nitrogen. As you will see, the order of magnitude of the phos- 
phorus content found (7-5) agrees fairly well with this estimate; 
the discrepancy, however, much exceeds the possible error of 
analysis. I have therefore tried in different ways to reduce the 
phosphorus content of egg-albumin without depriving it of its 
characteristic capacity of crystallising. As I have already men- 
tioned, the reduction is not practicable by treatment with alcohol 
and ether at low temperatures. Neither have I succeeded by 
fractional crystallisation at different hydrogen-ion concentrations ; 
the phosphorus contents of the different fractions varied only from 
7-52 to 7-78 milligrams per gram of nitrogen. 


Phosphorus content of egg-albumin. 
Mg. of P per g. of N. 


CUGNMEY ORB-AIDUIEED «55055550 55505sccccesceddssccss 7-5 
EE ETRE CPT EITC TET ECO ORT eT T= 7-52—7-78 
Electrodialysis : 
PIE OUI 8555 scien vesccccisescsccccousssonbecs ca. 8:5 
BEE IRIE « ccdesssvenicnsccsedscesteniicarcaine 7-0—5-0 
IE oss sscmnctnnccssshacnsesesbanmpamomasse 7-3—4-7 
Calculated for 1 atom of P per 380 atoms of N 5-8 


Better results were achieved by electrodialysis, in Pauli’s appar- 
atus, of egg-albumin solutions poor in electrolytes. I used two 
collodion membranes and placed the albumin solution between them. 
The membranes were impermeable to egg-albumin when no current 
was passing through the liquid; but as soon as the circuit was closed, 
egg-albumin began to penetrate through the membrane near the 
anode, whereas the cathode liquid remained free from albumin for 
several days. I shall not have sufficient time to go into this remark- 
able phenomenon at greater length, but will only mention that I 
always found, relative to the nitrogen content, a larger quantity of 
phosphorus in the anode liquid than in the remaining inner liquid. 
When care was taken that the egg-albumin solutions contained but 
minimal amounts of electrolytes during the electrolysis, the albumin 
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both in the anode liquid and in the inner liquid could be made to 
crystallise, and even after repeated crystallisations the phosphorus 
content of the albumin in the anode liquid was found to be a little 
higher than usual (about 8-5 mg. P per g. N), whereas the albumin 
from the inner liquid showed a lower phosphorus content (varying 
from about 7-0 to 5-0 mg. P per g. N). 

Finally, I may mention that, when egg-albumin solutions— 
especially if dialysed and consequently poor in electrolytes—are 
stored in ice and saturated with toluene (in order to prevent putre- 
faction), a part of the albumin will separate in a denaturated state 
after some time. After the precipitate is filtered off, the albumin 
remaining in the solution shows normal properties and a normal 
osmotic pressure: it crystallises readily in the normal manner. 
The egg-albumin thus obtained and repeatedly crystallised, con- 
tains, however, less phosphorus than that newly prepared, and the 
less the longer it is kept. The phosphorus contents of the samples 
examined by me varied from 7-3 to 4:7 milligrams per gram of 
nitrogen; the latter figure refers to a dialysed egg-albumin which 
had been stored in ice for eleven or twelve years and yet crystallised 
very nicely and readily after filtration. Thus, as you see, it is 
possible to prepare well-crystallised egg-albumin with a lower 
phosphorus content than the normal. The phosphorus content, 
however, is always very different in order of magnitude from that 
of serum-albumin, and, as I have already said, I am still of opinion 
that the large molecule of egg-albumin contains one phosphorus 
group. 

In conclusion, for the sake of preventing any misunderstanding, 
I may add that I do not regard the crystallisability of albumins 
and the capacity of casein of forming a coagulum with rennet as 
affording a complete characterisation of the proteins concerned. 
As I have lately remarked in a brief note * dealing with this problem, 
I look upon these properties as necessary but not, when taken alone, 
as “ sufficient ” criteria. 

I have been able to give here but a brief account of some of the 
diverse problems which, at the present moment, occupy the attention 
of those engaged in a study of the chemistry of proteins, but I trust 
that it has conveyed an adequate impression of the perseverance 
with which the intense endeavours are being made in many branches 
of Science to add to our knowledge of these extremely important 
substances. 


* S. P. L. Sorensen: ‘‘ Proteins, Lectures given in the United States of 
America in 1924” (The Fleischmann Laboratories). 
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CCCCI.—The Ignition of Gases by an Explosion-Wave. 
Part I. Carbon Monoxide and Hydrogen Mixtures. 


By Coxtin CampBELL and DonaLD WHITLEY WoopHEAD. 


Drxon and Watts (J., 1923, 123, 1025), in measuring the velocity 
of detonation of carbon monoxide-oxygen mixtures, observed that 
the velocity, measured between two time-bridges in a long coiled 
tube, depended on the distance which the flame had travelled in 
the same mixture before it reached the first bridge. When the 
mixture 2CO + O,, saturated with water vapour at room tem- 
perature, was ignited by the explosion-wave set up in electrolytic 
gas, the first bridge being 10 cm. from the point at which the two 
mixtures were in contact, the velocity recorded was 1673 m./sec. ; 
when a loop of tubing, 2-4 metres long,* filled with the carbon mon- 
oxide mixture, was inserted before the first bridge, the observed 
rate was 1708 m./sec. It was believed that the carbon monoxide 
mixture was not immediately detonated by the wave in the electro- 
lytic gas and that the retarded flame, moving slowly for a short 
time, eventually recuperated and reached its full rate after travelling 
about 2-4 metres. The experiments were made with lead tubes 
(12-5 mm. in diameter), and no direct observations of the slow 
flame were possible. The experiments now described were made 
in glass tubes and photographic methods were adopted. 

The apparatus consisted of a series of metal and glass tubes of 
uniform internal diameter (15 mm.) forming a continuous hori- 
zontal gallery through which flame passed in front of a drum- 
camera; one portion of the gallery contained the igniting mixture 
(usually electrolytic gas) and the other the carbon monoxide mixture 
to be ignited. Separation of the two mixtures up to the moment 
of firing was effected by a metal shutter. The igniting mixture 
was fired by a jump-spark, and the flame traversed first a lead 
tube 2-8 metres long and then a thick-walled glass tube 50 cm. 
long, these being cemented together; having now reached its full 
detonating rate, the flame passed through the shutter apparatus 
into another glass tube containing the second mixture. To the 
end of the last tube (the ‘‘ experimental tube ”’) was fitted a filling- 
stopper which could be quickly detached. All the joints were 
made with cement and were rigid and internally smooth; irregul- 
arities which might give rise to accelerations or retardations of 
flame speed were avoided (see Campbell, J., 1922, 121, 2483). 


* The length given in the original paper was 1-4 metres; Prof. Dixon 
informs us that this was a clerical error. 
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The shutter apparatus (Fig. 1) consisted of two outer brass 
casings, AA, bolted together round a flanged edge and surrounding 
a circular brass plate, B, 1 mm. thick, which contained a circular 
aperture 15 mm. in diameter. The plate could be rotated to a 
limited extent about a horizontal axis by means of a handle which 
passed through a stuffing-box, C. In the off position, the plate 
formed a complete barrier between two glass tubes, DD, which 
were cemented into supporting sleeves, HH; in the on position, the 
aperture coincided with similar apertures in the outer casings. 
The plate was as thin as possible consistent with the strength 
required to allow the evacuation of one side of the gallery. Two 
vulcanite rings were recessed into the interior faces of the outer 
casings, concentrically with the apertures, and we were then able 


Fig. 1. 
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Mechanical arrangement of the shutter. 


to reduce the pressure on one side to 1 mm. Hg whilst the other 
side was at atmospheric pressure. 

In carrying out an experiment the gallery was evacuated and 
then the respective mixtures were allowed to enter the two sections 
of the apparatus at equal rates until each was at atmospheric 
pressure; this process of evacuation and filling was twice rapidly 
repeated. In order to avoid any mass movement of gas on the 
opening of the shutter, the two portions of the gallery were put 
into communication for a moment with the outside air through 
long leading-tubes. The tap beyond the spark-gap was closed, 
the further end of the experimental tube opened, the shutter 
rotated to the on position, and the gases were fired; the time 
taken in the last three operations did not exceed 2 seconds and 
therefore diffusion at the point of contact of the two mixtures 
was very slight. 

The photographs were taken on films attached to a drum, of 


1 metre circumference and 45 mm. edge, which was rotated at 
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about 40 revolutions per second. The speed of the wheel was 
calculated with an accuracy of 1—2% by timing the making of an 
electrical circuit in a mechanism attached to the drum spindle; 
the calculations of the flame speeds from measurements of the 
photographs were of the same order of accuracy. 

The wall of the experimental tube was about 3 mm. thick, and 
the length of the longest obtainable was 140 cm.; such a tube 
was not usually shattered when a detonation-wave passed through 
it, but was invariably broken when a detonation-wave was actually 
initiated in it. In some experiments a very long experimental 
tube was required; this was formed by placing two tubes end to 
end and cementing them together in a glass or metal sleeve; the 
junction was made as smooth as possible internally and the velocities 
of flames passing through it did not appear to suffer any change. 
Since slow flames are readily affected by slight obstructions in 
their path (vide infra), single tubes were used whenever possible. 
In order to follow the progress of the flame in a long tube, different 
portions of the gallery were photographed in successive experiments 
made under similar conditions. 

The carbon monoxide was prepared by the action of hot con- 
centrated sulphuric acid on formic acid; after being washed with 
caustic potash, the gas had a purity of 98-5%, the remainder being 
nitrogen. No hydrogen was ever found. Oxygen was either 
obtained from a cylinder, in which case it contained a small amount 
of nitrogen, or prepared by heating potassium permanganate; no 
differences in the results of the experiments were detected. The 
mixtures were analysed in a modified form of the Bone—-Wheeler 
apparatus and were stored over water at temperatures ranging 
from 15° to 18°; the amount of water vapour was therefore between 
1-6 and 20%. 

Initial Experiments. 

It was shown by two experiments with electrolytic gas that the 
construction of the shutter and the method of filling the gallery 
had no effect on the velocity of a flame passing through the appar- 
atus; in the first, the shutter was kept open and the whole of the 
gallery swept out by the mixture, whilst in the second each side 
was evacuated and filled separately with the same gas. There was 
no change in flame velocity in either experiment. When the 
igniting side of the gallery was filled with electrolytic gas and the 
other side with the mixture 2H, + 30,, the velocity of the flame 
fell uniformly from that of the igniting gas (rate of explosion-wave, 
2820 m./sec.) to that of the ignited mixture (2090 m./sec.) over 
the first 10 cm. from the junction. Similar results were obtained 
when the mixture 2H, + 50, (1810 m./sec.) was fired by electro- 


(To face p. 3012. 


i 
| 
| 
| 


THE IGNITION OF GASES BY AN EXPLOSION-WAVE. PARTI. 3013 


lytic gas, and when 2H, + 30, was fired by 6H, +- O, (3530 m. /sec.). 
Fig. 2, which is a photograph of the last experiment, shows the 
gradual change in velocity as the flame passed through the shutter 
from one mixture to the other. (The broad vertical band in the 
photograph denotes the position of the shutter.) When the second 
portion of the gallery contained air or nitrogen (Fig. 3) the electro- 
lytic flame was projected into the inert gas and still affected the 
photographic film when it had travelled 40 cm. past the shutter; 
the flame front was not well defined and showed a rapid fall in 
velocity. This photograph shows the forward movement of the 
burning gas, then a period of rest followed by a swinging back 
(compare Dixon, Phil. Trans., 1903, 200, 315). In one experi- 
ment, when a small amount of air was allowed to remain at the 
shutter between the two explosive mixtures, the flame appeared 
to hesitate for a brief period and then to proceed at its full rate 
in the second mixture. Whether a flame could be projected through 
a considerable length of air or inert gas and ignite a mixture beyond 
it is a matter under investigation (compare Lean and Dixon, Manc. 
Tit. Phil. Soc., 1891, 5, 16). 


The Ignition of 2CO + O, by Electrolytic Gas (moist gases). 

The flame travelled in the electrolytic gas at the rate of 2820 
m./sec., but soon after it entered the carbon monoxide mixture its 
velocity fell rapidly until, at the point 30 cm. (i.e., 30 cm. past the 
shutter), it was of the order of 800 m./sec. Acceleration then 
took place until a velocity of about 1250 m./sec. was reached at 
140cm. Fig. 4 is a typical photograph and shows the flame (moving 
from right to left) from 10 cm. before to 60 cm. after the shutter. 
When the longer experimental tube was used, a second smaller 
retardation was found to occur near 150 cm., and this was followed 
by acceleration and the setting up of the explosive-wave. In three 
experiments, detonation occurred at very nearly the same point, 
viz., 260, 260, and 270 cm., respectively. The details of a number 
of experiments are recorded in Table I, the mean rates over each 
length of 10 cm. of experimental tube being given. Curve I, 
Fig. 5, represents the average velocities of flame (calculated from 
the rates in Table I) throughout an experimental tube 3-2 metres 
long; it was obtained by plotting flame speed against distance 
along the tube. The flame speed falls rapidly from that in the 
electrolytic gas (2820 m./sec.) to ‘a minimum value of 760 m./sec. 
over the first 50 cm. of carbon monoxide mixture; an ensuing 
acceleration is checked at 130 cm. when the flame has attained a 
speed of 1250 m./sec.; the velocity falls to 1050 m./sec. at 165 cm., 


and from that point to 280 cm. it cannot be repregented by a con- 
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TABLE I, 


Flame speeds (metres per second) in wet 2CO + Oy. 


Distance from shutter (cm.). 


Expt. a ———~ — — an 
No. 5. 15. 25. 35. 45. 55. 65. 75. 85. 95. 
234 1560 1000 840 810 780 760 e 
235 1680 1030 870 860 760 £760 Cs) 

256 860 770 810 810 810 810 e 
257 860 850 7909 790 790 790 790 e 
193 890 800 800 800 800 800 e 
194 780 780 780 780 CS) 
195 840 840 840 840 CG) 
199 920 840 780 760 780 £780 e 
Distance from shutter (cm.). 
Expt. 

No. 85. 95. 105. 115. 125. 135. 145. 155. 165. 175. 185. 

278 940 940 1100 1200 1270 1270 1100 1030 e 

279 830 880 960 1060 1280 1330 1290 1140 e 

280 900 930 1000 1200 1200 1260 1110 e at 259 

281 1110 1100 1100 1100 1060 1060 1100 11706 

282 1180 1270 1180 1080 1080 1080 11406 

Distance from shutter (cm.). 
Expt.No. 215. 225. 235. 245. 255. 265. 275. 285. 295. 

298 1360 S D e 

299 1080 1270 1400 

300 1360 1360 Ss D e 

314 1370 s D 2000 e 

e, end of tube. S, serrated edge. D, detonation. 
Fia. 5. 
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Experimental tube : distances from shutter (cm.). 

Curve 1: The velocity of flame in 2CO + O, (saturated with water vapour at 15°) 
when ignited by detonated electrolytic gas. 

Curve Il: The velocity of flame when 1% of the COthad been replaced by H,. 
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tinuous curve because of a peculiar variability. This period 
immediately preceding detonation is of interest in that one or 
more separate regions of inflammation appear in the unburnt 
gases in front of the retarded flame proper; the serrated appear- 
ance of the flame edge in Fig. 6 was caused by such discontinuous 
inflammation, three secondary flames appearing within 15 cm. of 
the point where the explosion-wave was set up. The point of 
initiation of the wave is indicated by the usual characteristics, 
viz., an abrupt increase in illumination intensity and the production 
of a retonation-wave. 

If we calculate from the rates given by Dixon and Walls the 
average velocity of their retarded flame from the point of ignition 
by the electrolytic gas to a point 2-4 metres along the tube, where 
detonation was presumed to occur, a value of 1070 m./sec. is 
obtained. The curve in Fig. 5 gives a value not very different from 
this, although in the present experiments, which, it should be 
noted, have been made with straight tubes, detonation did not 
occur until the flame had travelled about 2-7 metres. 

The retarded flame was accelerated more quickly when a small 
obstruction was placed in the gallery: Fig. 7 was obtained when 
1 g. of sand was deposited evenly along 10 cm. of the tube at 130— 
140 cm. from the shutter, i.e., at the middle of the photograph ; 
the velocity of the flame at 150 cm. was 1500 m./sec., whereas in 
a similar experiment without sand the rate at the same point was 
1130 m./sec. This observation agrees with that of Laffitte (Compt. 
rend., 1923, 176, 1392) who found that the distance traversed by 
the flame in a mixture of oxygen and carbon disulphide vapour 
before the setting up of the explosion-wave depended upon the 
condition of the interior of the tube, the distance being shorter 
when the interior was not perfectly smooth. In Fig. 7, although 
there was no sharp increase in velocity when the flame reached 
the sanded portion of the experimental tube, yet there appeared 
to be a definite and abrupt increase in the rate of reaction as indicated 
by the relative intensities of illumination. Fig. 8 shows the result 
of placing in the tube at the points 145 and 165 cm. two hollow 
cork cylinders (10 mm. internal diameter); the rate immediately 
before the first obstruction was 1160 m./sec. but increased to 
1850 m./sec. within the next 10 cm. It will be observed that the 
rapid flame had a separate point of initiation at the obstruction 
previous to the arrival of the slow flame, and it is assumed that 
the gas was ignited adiabatically by a pressure-wave which had 
preceded the retarded flame (compare Dixon and Bradshaw, Proc. 
Roy. Soc., 1907, 79, 238). The rapid flame did not suffer any 
marked change in velocity on encountering the second obstruction ; 
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the cork cylinders were ejected from the experimental tube at 
about 380 m./sec., this value being calculated from the inclination 
of the dark line in the photograph. 


Experiments with Drier Gases. 


Dixon and Walls (loc. cit.) accepted the efficiency of their drying 
train when they failed to obtain complete detonation of the dried 
carbon monoxide mixture after ignition with electrolytic gas, but 
they did not determine how far, if at all, flame travelled. We 
have attempted to follow the progress of the flame in carbon mon- 
oxide mixtures from which most of the water vapour had been 
removed. Even if the mixed gases had been completely dried it 
would have been very difficult to ensure the dryness of the large 
internal area of the gallery and filling apparatus; no attempt was 
made, therefore, to secure the degree of dryness attained on long 
exposure to phosphorus pentoxide. The gallery was dried by 
passing a stream of warm dry air through it for several hours and 
then exhausting it for some time by means of a “ Hyvac ” rotary 
oil-pump; in this way we were able to reduce the air pressure to 
less than 1 mm. Hg. 

The gaseous mixtures were dried by one of two methods: 
Method A was to pass the mixture slowly in succession through 
sulphuric acid, caustic potash, calcium chloride, and a glass worm 
cooled to — 80° into a reservoir containing dry mercury; in a 
sample of this gas the vapour pressure of the water was less than 0-4 
mm. In method B, the gas was passed slowly in very small bubbles 
through sulphuric acid, through caustic potash and calcium chloride 
direct to the explosion gallery, the filling operation taking 8 minutes. 
The flame speeds obtained in these experiments are given in Table IT. 


TaBLeE II. 


Flame speeds (metres per second) in dried 2CO +- Q,. 
Distance from shutter (cm.). 


Expt. Drying - —~ 
No. method. 175. 185. 195. 205. 215. 225. 235. 245. 


315 B 1040 980 910 880 850 SS) 
316 B 1090 1030 950 910 860 860 950 1060 
317 B 1020 990 900 880 860 900 930 1090 
318 B 1000 910 880 860 880 970 1060 1180 
Tube 275 cm. long in each experiment. 
Distance from shutter (cm.). 

Expt. Drying > —~ ~ 
No. method. 235. 245. 255. 265. 275. 285. 295. 305. 
302 A S 1640 De 
303 A 8 C) 

304 A 2040 2040 e 
305 A 1990 1990 e 
319 B 860 940 1140 1400 1600 1700 1750 175006 
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When method A was used and the experimental tube consisted of 
two jointed sections, the mixture had detonated before the point 
240 cm. (Expts. 304 and 305) or was giving the serrated edge, 
which, in the ‘‘ wet” experiments, preceded detonation (Expts. 
302 and 303). The measured velocity of detonation in Expts. 304 
and 305 is higher than that given by Dixon and Walls for this 
mixture; in both experiments, the luminous particles behind the 
wave front appear to be moving towards the open end considerably 
faster than is usual, and it would seem that the temporary abnorm- 
ally high rate was due to the increased translational motion of the 
medium in which the wave was travelling. 

When method B was employed for drying, lower velocities were 
recorded and in no case had detonation occurred at 240 cm. In 
Expt. 319 the flame had travelled 305 cm. after its initiation and 
had attained a velocity of about 1750 m./sec., apparently without 
having reached iis full rate. Sometimes the serrated flame edge 
was more distinct than usual; in Fig. 9 a secondary flame origin- 
ated at a point 15 cm. in advance of the retarded flame and moved 
as a whole towards the end of the tube. This movement confirms 
the previous suggestion that the gaseous medium had a marked 
translational velocity in front of the advancing flame. Moreover, 
the motion may be greater than is immediately apparent, since 
the inner face of this single secondary flame is itself serrated, a 
number of distinct tongues of flame being formed before there is 
coalescence with the primary inflammation. At the point of 
coalescence a rapid rise in the rate of reaction is indicated by 
increased luminosity and this brighter zone travelled backwards 
into the burning gases in the form of a wave and, apparently, in 
much the same way as a wave of retonation. 

It is of interest to compare the above results of experiments on 
the ignition of well-dried carbon monoxide-oxygen mixtures with 
those of previous workers. Dixon (Phil. Trans., 1893, 184, 97) 
gave 1264 m./sec. as the rate of explosion of the well-dried mixture 
2CO + 0,; Girvan (Proc. Chem. Soc., 1903, 236) has shown that, 
when the theoretical carbon monoxide-oxygen mixture had been 
cooled to — 50°, the pressure of aqueous vapour being 0-05 mm., 
powerful sparks could initiate an “‘explosion” which travelled 
slowly down a tube. Wartenburg and Sieg (Ber., 1920, 53, 2192) 
found that, although a partial water pressure of at least 0-5 mm. 
was needed to promote an explosion, a flame might be initiated in 
gases which had been cooled to — 80° when the tube was heated 
strongly at one point. The length of time of exposure to a low 
temperature affects considerably the degree of dryness of the 
mixture, for Coehn and Tramm (Ber., 1921, 54, 1148) have shown 
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that a mixture dried by short exposure to the temperature of solid 
carbon dioxide and alcohol will inflame and burn quietly, although 
it will not “explode”; with a longer exposure to the low tem- 
perature a flame will not spread from the spark. It is, therefore, 
evident that an extremely small amount of water vapour is sufficient 
to promote slow burning. Payman and Wheeler (J., 1923, 123, 
1251) state that, although only a trace of moisture is needed to 
enable the propagation of flame to take place, about 6% is required 
to give the flame its complete freedom. Bone, Fraser, and Newitt 
(Proc. Roy. Soc., 1926, 110, 640) believe that “‘ whilst the presence 
of water vapour is undoubtedly helpful, it is not essential to the 
ignition and explosive combination of carbon monoxide and oxygen 
mixtures, but that, on the contrary, these gases can, and under 
high pressures do, combine directly.” 

In all the experiments quoted, the inflammation of the carbon 
monoxide mixture was effected by a spark, whereas in the present 
experiments ignition was by the detonation-wave of electrolytic 
gas; the results in the two cases are, however, in general agreement. 
When the carbon monoxide had a partial aqueous vapour pressure 
of 16 mm. (above 2% of moisture), the rate of explosion soon after 
ignition was between 700 and 800 m./sec., i.e., about half the theo- 
retical rate. Acceleration to detonation occurred at a considerable 
distance along the tube. Reduction of the pressure of aqueous 
vapour to 1 mm. or less had little effect upon either the extent of 
the retardation or the rate of acceleration of the slow flame. A 
further reduction in the moisture content had the effect of causing 
the flame to travel slowly over a greater distance; the flame, 
however, was never extinguished with the most complete drying 
we were able to effect. 


The Addition of Hydrogen to 2CO + O, (moist and dried 
gases). 

A series of experiments has been carried out in which definite 
amounts of hydrogen, together with the equivalent amounts of 
oxygen, were added to carbon monoxide-oxygen mixtures, some 
of which were saturated at the ordinary temperatures with water 
vapour, whilst others were dried by method A (vide supra). The 
results of these experiments are detailed in Table III. In experi- 
ments with both wet and dried gases when the amount of hydrogen 
in the mixture did not exceed 0-7% the flame speed fell consider- 
ably, but when there was above 1-8% of hydrogen no fall occurred. 
Between these extremes the results were not consistent; even 
when the same mixture was used, the gases and the tube being 
dried by the same method, two results agreed but differed from a 
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TaBLeE III. 

The effect of the addition of hydrogen to 2CO + Og. 
Expt. No. Length of tube. % H,. Dried. Wet. 

293 135 cm. 0-6 Fall. 

294 135 0:6 ee 

295 135 0-6 a 

296 135 0:6 Fall. 

334 105 0-7 ys 

259 98 0:7 Fall. 

291 135 0-9 - 

292 135 0-9 No fall 

232 88 1-1 No fall. 

236 88 1-1 es 

262 98 1-2 Fall 

332 60 1-2 No fall. 

333 60 1-2 = 

288 143 1-3 No fall 

289 135 1:3 Fall. 

290 135 1:3 No fall 

245 166 1-5 Fall. 

246 160 1-5 at 

286 143 1-8 No fall 

287 143 2-3 - 

233 88 2-5 No fall. 

335 105 2-5 i 

336 105 2-5 i 

237 86 3-4 ai 

231 88 4-2 m 

229 100 9-0 ae 


third (Expts. 288—290). We can only believe that the ignition 
of mixtures which contain about 1° of hydrogen is largely affected 
by a very small difference in moisture content. In all the experi- 
ments with hydrogen, one of two results was always obtained : 
(i) the flame velocity was considerably decreased, usually to about 
800 m./sec., or (ii) the flame velocity was high and became constant 
at about 1750 m./sec. soon after entering the carbon monoxide 
portion. Curve II (Fig. 5) illustrates the latter result. The slow 
flame in the mixture containing 0-9% of hydrogen is shown in 
Fig. 10, and the rapid flame (the explosion-wave) in the mixture 
containing 1-3% in Fig. 11.* When the slow flame was photo- 
graphed further along the experimental tube, acceleration was 
seen to have taken place, and it appears to be certain that in these 
experiments (as in those without hydrogen) detonation would 
have ultimately occurred. The flames in several experiments were 
photographed at 135 cm. and the highest velocity recorded there 
was 1230 m./sec. . 

Continuous propagation of the explosion-wave immediately on 
ignition was given in a dried carbon monoxide mixture which 

* The burning gases behind the wave front in Fig. 11 show marked 


horizontal bands; a discussion of this appearance will be given in a later 
communication, 
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contained 0-9% of hydrogen, but the damping down of the wave 
occurred in a mixture free from hydrogen but containing 2% of 
water vapour; hydrogen is thus more efficient than water vapour 
in allowing the explosion-wave to develop in the carbon monoxide- 
oxygen mixtures under these special conditions of ignition. 

The explanation advanced by Dixon and Walls (loc. cit., p. 1031) 
of the temporary damping down of the explosion-wave is based on 
the assumption that carbon dioxide is largely dissociated at the 
high temperature produced by the burning electrolytic gas; under 
those conditions, “ the oxidation of the carbon monoxide might be 
too slow to maintain the explosion-wave.” Their results led to the 
suggestion that as carbon monoxide was gradually replaced by 
more hydrogen in the mixed gases, the discontinuity would grow 
less and finally disappear. We have been unable to detect any 
gradual change in the appearance of the discontinuity; a very 
small change in the hydrogen content of a mixture changes the 
character of the ignition completely and we find it difficult to 
believe that the temperatures in the two instances where the amounts 
of hydrogen differ by, say, 0-2% can be sufficiently different to 
affect the degree of dissociation to any considerable extent. Since 
the behaviour of the carbon monoxide mixtures appears to depend 
upon the pressure and temperature conditions in the wave-front of 
the igniting mixture, experiments with various igniting mixtures 
are being carried out. 

It has been suggested (Crussard, Bull. Soc. Ind. Min., 1907, 6, 
257) that the explosion-wave consists of a shock-wave accompanied 
and sustained by a chemical reaction in the form of flame and that 
the normal propagation of the wave depends upon the mutual 
assistance provided by these two factors. It would appear that 
when carbon monoxide-oxygen mixtures are ignited by electrolytic 
gas, the concussion component from the primary mixture becomes 
separated from the inflammation; the latter becomes very much 
reduced in speed and the shock-wave travels away in front, also 
at a falling speed, since it is unsustained. The retarded flame 
then accelerates in the same way as when such a mixture is ignited 
from a spark, and eventually overtakes the retarded shock-wave, 
the second smaller check to the flame probably occurring at this 
point; the initiation of separate flames in front of the retarded 
flame appears to be caused by a mechanical wave which was 
preceding the latter at a short distance. 


Summary. 


An apparatus has been described by which a flame is photo- 
graphed as it travels from one explosive gaseous mixture into another. 
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When the igniting and the ignited gases are mixtures of hydrogen 
and oxygen in different proportions, the flame travels in both 
mixtures at the normal explosion-wave rates, the velocity in the 
second mixture becoming adjusted within a few centimetres. When 
carbon monoxide-oxygen mixtures are ignited by electrolytic gas, 
the flame velocity falls rapidly to less than half the normal rate 
and detonation is re-established only after the flame has travelled 
several metres. A fairly complete drying of the carbon monoxide 
does not appear to decrease the flame speed below a certain limit 
although it lengthens the period before detonation. The addition 
of more than 1% of hydrogen to the carbon monoxide mixture 
allows the flame to proceed immediately at its full rate. A flame 
just previous to the setting up of the explosion-wave in these 
mixtures tends to show marked discontinuities. 


In conclusion, we wish to express our indebtedness to the Chemical 
Society for grants towards the cost of photographic materials and 
to the Brunner-Mond Research Fund for apparatus. We desire 
to thank Mr. A. G. Hartley, M.Sc., for considerable help in the 
experimental portion of the paper, and Professor Dixon for his 
kindly interest and criticism. 
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CCCCII.—The Conductivity of Phosphoric Acid 
Solutions at 0°. 


By Atan NEwTon CAMPBELL. 


ALTHOUGH the conductivities of phosphoric acid solutions at 18° 
have been determined by Kohlrausch (Landolt-Bérnstein, ‘‘ Physi- 
kalisch-chemische Tabellen,” 1912, p. 1100), those at 0° have not 
hitherto been investigated. It is stated by Partington (Taylor’s 
“Treatise on Physical Chemistry,” I, p. 538) that the conductivity 
of phosphoric acid solution has a negative temperature coefficient, 
but a very considerable decrease of conductivity from 18° to 0° has 
now been observed ; presumably the statement of Partington refers, 
therefore, to higher temperatures. 

All the usual precautions were taken, including calibration of the 
bridge, and the water used in making up the solutions was thrice 
distilled: (a) from potassium permanganate, (6) from baryta, 
(c) through a block-tin condenser. Water of this high degree of 
purity, however, was not strictly necessary in view of the high 
conductivity of the solutions. The phosphoric acid used was 
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B.D.H. ‘“‘ Analytical Reagent ” (d 1-75); it contained 85-49% H,PO,, 
and was without reducing action on permanganate. The con- 
centrations of the solutions were estimated volumetrically by 
Thomson’s method (Sutton, “‘ Volumetric Analysis,” 1904, p. 113). 
An ordinary medical coil was used as the source of current. The 
values given were the means of several determinations in each case, 
and were reproducible within 1 mm. on a metre bridge. 

In the table, p is the weight of anhydrous phosphoric acid per 
100 g. of solution, n is the number of g.-mols. of phosphoric acid per 
1000 g. of water, and « is the specific conductivity. If the values for , 
concentration and conductivity are plotted, the maximum con- 
ductivity is obtained as 1408 x 10 mho, occurring at 45-16% 
H,PO, (n = 8-4). 


10'xy 1, (de) 10txy 1, (de 
p- n in mhos. x," \dt/, p- nm. inmbhos. xy \dt/, 
8-93 1 441 — 43-81 7:95 1400 0-0268 
16-40 2 731 0-0150 45-47 8-51 1408 0-0270 
22-73 3 929 0-0210 47:14 9-10 1392 0-0283 
28-18 4 1124 0-0214 48-76 9-71 1376 0-0289 
32-91 5 1238 0-0241 49-49 10 1368 0-0291 
37-04 6 1357 0-0234 51:66 11 1342 0-0289 
40-70 7 1374 0-0264 54:06 12 1314 0-0290 
41-77 7:32 1396 0-0251 


The values of 1/ky.(d«/dt)y are obtained from Kohlrausch’s © 
series at 18° and the author’s at 0°. It will be observed that they 
are much larger than Kohlrausch’s values for 1/k,, . (d«/dt) 5 at 
corresponding concentrations. The temperature coefficient is 
therefore decreasing with increase of temperature and will eventually 
become negative in accordance with the statement of Partington 
(loc. cit.). 

Summary. 


1. The specific conductivities of phosphoric acid solutions at 0° 
have been determined over a wide range of concentrations, and the 
maximum conductivity has been evaluated. 

2. The temperature coefficients are calculated and it is shown that 
these will eventually become negative. 
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CCCCIII.—Interaction between Hydrated Silica and 
Neutral Electrolytes in its Relation to the Nature 
of Hydrolytic Adsorption. 


By JNANENDRA NatH MUKHERJEE, Bivas CHANDRA GuosH, K. 
KRISHNAMURTI, GAJENDRA NARAYAN GHOSH, SUBHENDU 
Kumar Mirra, and BANKIM CHANDRA Roy. 


THE liberation of acids by the action of a neutral solution of a salt 
on silica is commonly represented as follows (compare Mellor, 
“ Quantitative Inorganic Analysis,’’ London, 1913, p. 172; Joseph 
and Hancock, J., 1923, 123, 2022) : 
2nKCl + H,,SiO,,. == 2nHCl + K,SiO,,,.. . (1) 

So long as the two pure solid phases coexist at a given temperature, 
(a) the activity of the liberated hydrogen ions in the solution ought 
to be proportional to that of the potassium ions, and (6) if definite 
concentrations of salts of different cations are compared, the lower 
the solubility of the corresponding silicate the higher will be the 
activity of the hydrogen ions necessary to maintain ionic equilibrium 
with the insoluble acid (Nernst, ‘‘ Theoretische Chemie,” 1921, pp. 
615—618; Noyes and Kohr, Z. physikal. Chem., 1902, 42, 336; 
Lewis and Randall, “Text Book of Thermodynamics,” 1923, 
p. 482). We now show that the relationship stated in (a) does not 
hold good, and it must be assumed that the solid phase consists of 
some sort of solid solution of the so-called acid and insoluble salt. 
Similar cases have been discussed by Kiister (Z. anorg. Chem., 1899, 
19, 81). 

We consider that the liberation of acids in the present instance 
is the result of displacement of hydrogen ions in the double layer by 
cations adsorbed from the solution (Mukherjee, J. Indian Chem. 
Soc., 1925, 2,191; Phil. Mag., 1922, 44, 321). 


EXPERIMENTAL. 

As the purity of the silica used in the preliminary portion of this 
work has been disputed (Joseph and Hancock, loc. cit.), hydrated 
silica obtained from the hydrolysis in transparent silica vessels of 
doubly distilled silicon tetrachloride was used throughout the 
present work.* After being washed free from acid the silica was 


* The silica could never have come in contact with free alkali, as it was 
obtained by washing out the acid with pure water until the py rose to 6-2— 
6-4. Unless otherwise stated, the silica was not washed further and it retained 
& slight amount of acid which could be removed by further washing so that 
the resistance of the wash water rose to the same value as that of the water 


used. 
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air-dried at the ordinary temperature in a place free from fumes. 
The different samples contained 60—90% of water of hydration. 

Resistance glass vessels were used, experiments with transparent 
fused silica vessels having shown that no extraneous sources of 
error were thereby introduced. The purity of the water employed 
was always tested before use. Clark and Lubs’s indicators and 
standards were used. The concentrations of electrolytes added to 
silica as given below are those of the original solution. 


The Equilibrium Concentration of Hydrogen Ions in Contact with a 
Definite Concentration of Potassium Chloride. 


To 14 g. of silica (80% hydration) in a clean transparent silica 
flask a definite volume of neutral (py 6-4—6-6) potassium chloride 
solution, saturated at room temperature (29—30°), was added, and 
after a definite interval of time a measured volume of the clear 
supernatant liquid was decanted and its pq tested by indicators. A 
fresh portion of the potassium chloride solution was added and the 
process repeated. The results are given in Table I. 


TaBLE I 

pu of C.c. of pu of C.c. of puof C.c. of 

KCl sol. ex KCl _ sol. ex KCl _ sol. ex- 

Days. extract. tracted. Days. extract. tracted Days. extract. tracted. 
~- 4-2 50 12 5- 200 28 6-0 100 
1 4-4 50 14 5-4 200 29 6-4 100 
2 4-4 25 15 5:4 150 31 6-4 100 
2 4-6 50 16 5-5 200 33 6-2 100 
5 4-6 25 19 5:7 200 34 6-2 100 
5 4:8 75 20 5-7 100 35 6-2 100 
6 4:8 50 21 5-8 100 36 6-3 100 
8 4:8 100 22 5:8 100 37 6-5 100 
8 5-0 100 26 6-0 100 38 6-4 100 
9 5-1 300 27 6-0 100 39 6-5 100 


From these results, the total amount of acid liberated is calculated 
to be equivalent to 1-63 x 10-5 g.-atom of hydrogen. The com- 
position of the hydrated silica is 13-3 g.-mols. of water per g.-mol. 
of silicon dioxide. Of these 26-6 g.-atoms of hydrogen, only 3:5 x 
10-* g.-atom has been replaced. Table I shows that, instead of a 
constant equilibrium concentration of hydrogen ions and a sudden 
fall, there is a gradual diminution until a solid residue is obtained 
which does not change the pz of the potassium chloride solution 
even during 4 days’ contact. 

That all the replaceable hydrogen ions have not yet been removed 
is evident from the following experiments: 10 g. of silica (hydration 
70%) were washed repeatedly as above with N-barium chloride 
solution (pq 6-4) until the pg of the extract showed nochange. The 
clear supernatant solution was removed as far as possible by means 
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of a pipette and 50 c.c. of saturated barium chloride solution were 
added. The px of the supernatant solution fell to 5-8. The 
solution was removed once more and 50 c.c. of sodium nitrate solution, 
saturated at room temperature (pg 6-4), were added. The pg now 
fell to 4:8. In Table II are shown the total amounts of acid 
liberated by different cations until no more hydrogen ions are set 
free. It is seen that the capacity of the cations to liberate acids on 
continued washing isin the order K*>Na‘*>Ba”™ in molar solution ; 
also that the total amount of acid liberated depends on the con- 
centration of the cation. 


TaseE IT. 
Sat. Sat. 
N-KCl. N-NaCl. N-BaCl,. 2N-BaCl,. BaCl,.* NaNO,.* 
G.-ions of H’ liber- 
ated (x 10*) ...... 0-3 0-2 0-15 0-15 0-34 0-56 
G.-ions of H’ per g.- 
mol. of Si0,(x 104) 6 4 3 3 6 10 


* A different sample, with 66-15% water of hydration, was used in these 
experiments. 

The solubility relationships which should be satisfied if our usual 
conceptions of such equilibria are valid for this case must now be 
considered. 

Let S, be the solubility of the “ pure”’ acid (uncontaminated by 
its salts) in g.-mols. per litre, and S, that of the corresponding 
““pure”’ potassium salt. In view of the weak character of silicic 
acid and its probable solubility, we shall assume that only the first- 
stage dissociation need be taken into account, especially as we are 
dealing with acidic solutions. The solubility in water of the acid or 
of the salt is a function of the composition of the solid solution, 
t.e., the product of the respective molar fraction (expressed in 
terms of simple molecular weights of the acid and of the salt *) 
multiplied by the solubility of the pure substance. For the acid,the 
ionic product must be a constant depending on the temperature and 
composition of the solid solution and will be given by 

Cy X Cy = {f(l — x). Syn(1 —x)}?. . (2) T 
where Cy. and C,, denote respectively the gram-ionic concentrations 
(or rather activities) of the hydrogen ion and the anion of the 
silicic acid in the solution ; (1 — x) is equal to the fraction of the acid 
remaining unchanged ; f(1 — x) . S, is the solubility of the acid under 
these conditions; « is the theoretical degree of dissociation of the acid 
in a solution saturated with reference to the acid only in the solid 


* For the barium salt the molar fraction will be (l—x/2) for the acid and 
2/2 for the salt, assuming z to be small. 

Tt The validity of this and the following equations is considered in the . 
“* Discussion.” 
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solution, i.e., assuming that the silicate is not passing into the 
solution, so that Cy-=C,. Actually Cy>Cy,, but for equilibrium 
the ionic product Cy. x Cy, which in these dilute solutions measures 
the activity, must have a constant value determined by the above 
expression. 
Similarly, putting « = 1 for the salts, we have 
Oe XCypm{ he. Br wk we BG 
Cay X C*, = A f(z/2).8," . . . . (4) 
whence 
On = Og {f(l — 2). San(l — aPC f(x) Sg. 8) 
and 
a = O:,-U*{ f(1 — 2/2) . Saa(1 — x/2)}*/2{ f(x/2) . Sp.}°* (6) 
The decrease in the concentration of hydrogen ions is to be explained 
by a gradual increase in the value of z. 


The Concentration of Hydrogen Ions in Contact with Different Salts. 


To 40 c.c. of each of a number of salt solutions contained in 
resistance-glass bottles were added 5 g. of silica. The hydrogen- 
ion concentration of the clear upper liquid as shown in Table III 
was determined after 24 hours from #.M.F. measurements, using 
normal calomel electrodes; the measurements were correct to +0-5 
nillivolt. 


TaBLeE III. 
(SiO,, 41-1%; H,O, 

Conc 58-9%.) (SiO,, 39:0%; H,O, 61:0%.) 

(g.-mol. KCl. NaCl. BaCl,. 
per 

litre). Pu: Cu: X 10°. Pu: Cu: X 108. Pu Cu: X 10. 
1 4-54 28-8 4-6 25 a _ 
0-5 a ow = — 4-56 27-6 
0-04 4-71 195 4:76 17-4 scsie ive 
0-02 4-72 19-0 5:20 6-31 4:76 17-4 
0-01 5-03 9-33 5-42 3-80 5-06 8-71 
0-004 5:17 6-76 5°75 1-78 nine is 
0-002 5-52 3-02 6-05 0-89 ~~ _ 
0-001 5:57 2-69 =< anne ive _ 


The relative effects of barium, calcium, potassium, and sodium 
chlorides were determined in strictly comparable experiments with 
a different sample of silica (hydration 62%). The results are given 
below. As before, the hydrogen-ion concentrations were determined 
from #.M.F. measurements. 


TaBxeE III (a). 


M. 0-01M. 0:002M. 
Electrolyte and = ————___ ee, nc, 
concentration. Cy- x 10°. px. Cy: xX 10% pa. Cu- x 10°. Pu: 
BaCl, 56-2 4-25 15:1 4-82 3-09 5-51 
CaCl, 49-9 4-31 8-91 5-05 1-74 5°76 
Ki 39-8 4-40 5-62 5-25 1-22 5-95 
NaCl 35-5 4:45 4:73 5:39 0°725 6:14 
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The relative effects of calcium and barium chlorides, being of 
special interest, were studied simultaneously and the data are given 
in Table IV. The silica contained 89-7° of water. 


TABLE IV. 


Concentration of electrolyte. 


005M. 001M. 0-:005M. 0:002M. 0-001M. 0-0005M. 


Baci, {CH x 10° 28:8 7-18 5-62 4-20 3-12 2-45 
*|\ pa 4-54 5-144 5-25 5-377 5-506 5-615 
cact, {Cu x 10° 22-0 4-41 3-49 2-44 1-66 1-10 
ah"? |\ pe 4-657 5-356 5-457 5-613 5-779 5-94 


From the chemical point of view, the above results signify that 
the solubilities of the sodium and calcium salts are respectively 
greater than those of the potassium and barium salts, whereas 
actually calcium silicate is less soluble than the barium salt (Joseph 
and Oakley, J., 1925, 127, 2816). On comparing the relative effects 
of these cations we find that at the higher concentrations individual 
differences tend to disappear. The only way to surmount this 
difficulty would be to assume, either that a calcium salt of some 
complex acid is formed which is more soluble than the corresponding 
barium salt, or that the relative solubilities of the calcium and 
barium salts in a state of solid solution have no relation to their 
relative solubilities in the pure state. 

Moreover, in the experiment on the determination of the total 
quantity of acid liberated by repeated washing, potassium and 
barium solutions at a molar concentration had practically the 
same hydrogen-ion concentration initially (pp 4:2 and 4-6, respec- 
tively) as determined with indicators. At the close of the washing, 
the pq was 6-4 for both. Reference to the equations shows that this 
can only be explained by assuming that the solubility of the barium 
salt in a state of solid solution increases relatively much more rapidly 
with its percentage composition than that of the potassium salt. 
The same remark applies to the sodium salt. Thus at each stage we 
have to introduce ad hoc assumptions of changes in solubility. 


The Effect of Electrolytes on the Electrical Charge of the Surface. 


Electro-osmotic experiments were carried out in a modified form of 
the apparatus used by Briggs (Nature, 1922, 109, Dec. 2). As there 
are inherent defects in this method of measurement, the results are 
only comparative. The electrodes were always connected to the 
main (220 volts) circuit, and their relative positions were fixed. The 
measurements were made at room temperature (29—30°), and are 
reproducible to within 6%. The figures given in Tables V, VI, and 
VII indicate the movement of the bubble in cm. per 3 minutes. 
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TABLE V. 
Concentration (g.-mols. per 1000 litres). 
Electro- —_._ 2———_____________ - 
lyte. 0. 0-1. 0-16. 02. 0-25. 033. 05. 10. 2-0 8-0. 
NaCl 3-2 —~ — 5:7 — 6-0 — 3°5 3-1 — 
KCl 3-2 — — 5-6 5:3 5-1 40 28 2-2 1-0 
BaCl, 32 40 3-9 — — — 3-0 2-6 —- — 
HCl 3-2 — — 1- — 0-9 — 0-6 —- - 
TABLE VI. 
Concentration. Concentration. 
Electro- r ~ Electro- r - ~ 
lyte. 0 0-0002N. 0-001LN. lyte. 0 0:0002N. 0-001N. 
(COOK), 3-5 7-2 6-3 KBr 3°5 5-7 2-5 
K,SO, 3-5 6-4 3-7 KNO, 3 5 5:4 2-5 
KCl 3-5 5-6 2-8 
TABLE VII. 
10° x Concentration of electrolyte. 
Electrolyte. 0 0-2N. 0-:33N. 0-5N. 1N. 2N. 
LiNO, 3-5 6-1 6-5 6-0 4:5 3-3 
KNO, 3-5 5-4 5-0 ~ 2-6 2-5 
RbNO, 3-5 4:3 3-5 — 2-9 2-2 


From Tables V—VII we find that (1) chemically pure hydrated 
silica has a negative charge in contact with pure water; (2) the 
capacity of these univalent cations of decreasing the negative 
charge at higher concentrations shows that their order of adsorption 
is H’>Rb’>K’‘*>Na’ (compare J. Indian Chem. Soc., 1925, 2, 204) ; 
(3) it appears that, taking into consideration its valency, the barium 
ion is weakly adsorbed; (4) the experiments with potassium salts of 
different acids (Table VI) leave no doubt that anions are primarily 
adsorbed, since different anions have different effects. 

The weak adsorbability of barium may be referred, on the basis of 
electrical adsorption, to a large value of x in the equation W = 
N,N,E*/Dx [Faraday Society Discussion, October, 1920; equation 
(10)]; on this theory barium will still have a greater effect than 
calcium. 


Adsorbability of the Cation and its Capacity to Liberate Hydrogen Ions. 


In comparing the effect of a cation on the electrical charge of the 
surface of a solid with its capacity to set free hydrogen ions from 
the surface layer, we have to remember that, whereas the variation 
in the electrical charge depends on the relative amounts of cations 
and anions “ fixed” on the surface, the liberated hydrogen ions 
may come either from the mobile sheet of the double layer or from 
the primary layer. On theoretical grounds, in considering the 
equilibrium concentration of hydrogen ions in the present instance, 
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we are mainly concerned with the displacement by cations of 
hydrogen ions from the mobile sheet of the double layer. If we 
compare the relative effects of these cations we find that the concen- 
trations of hydrogen ions decrease in the order Ba” >Ca”>K‘*>Na’. 
In complete agreement with our theory, the order is the same as that 
indicated by mobility (K, $Ba, Na) and valency which should deter- 
mine the number of g.-ions of hydrogen liberated by the cation. 
At high concentrations, as hydrogen ions in the double layer are 
increasingly replaced by cations, and as the number of anions 
primarily adsorbed does not change to any large extent at these 
concentrations, the effect of the adsorption of a further amount of 
the cation will produce a much greater change in the ratio between 
the cation and hydrogen ions present in the double layer than when 
a smaller number of cations are present in it. Since the equilibrium 
is between the ions in the double layer and those in the bulk of the 
solution, the ratio between the two ions must also increase rapidly in 
the latter. The rate at which the concentration of the hydrogen 
ions increases with the concentration of the cation will therefore 
rapidly decrease and individual differences between the different 
cations will also diminish, because at high concentrations the adsorp- 
tion will tend to a limit, namely, that corresponding to the state 
when all the primarily adsorbed anions are “ covered ” by cations. 
It is evident that at higher concentrations the different cations will 
be in equilibrium with practically the same concentration of 
hydrogen ions. It is thus unnecessary to introduce assumptions 
regarding changes in solubility, especially as we might doubt 
whether a solid solution of silica is really formed under the conditions 
of the experiments. The total quantities of acid liberated also show 
a similar effect of the concentration and adsorbability of the cation. 


The Dependence of the Concentration of Hydrogen Ions on the Amount 
of Silica used. 

If one changes the ratio of the weight of silica to the volume 
of solution—the amount of potassium chloride remaining constant— 
it is obvious that the extent of interchange between the hydrogen 
and potassium ions will be different. Consequently the ratio of the 
concentration of potassium to hydrogen ions should also vary. One 
of us (Mukherjee, Faraday Society Discussion, Joc. cit.), in discussing 
the effect of a cation on the negative charge of the surface, con- 
sidered the simplest case in which the following conditions were 
satisfied: (a) The number of primarily adsorbed ions per unit 
surface and their nature do not change; (6) there is only one kind 
of cation in the solution and in the double layer. 

Apparently these conditions do not hold good in the present 
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instance, where two kinds of cation and more than one type of 
adsorbable anion are present. Experiments with different quantities 
of silica (see Table VIII) illustrate the relationship existing between 
the ratios of the cations in the double layer and in the solution. 


TaB.e VIII. 
(Electrolyte, 50 c.c. of N-KCl. Hydration of silica, 89-7%.) 


G.-atoms of G.-atoms of 
K adsorbed K adsorbed Cx-/Cu- (cor- 


Wt. of per 10° g.of per 10° mol. rected for H,O 
silica. Cu- X 10°. hydrated SiO,. of SiO,. of hydration). 
1 g. 3-1 0-158 92-1 0-32 x 10° 4 
Bins 3-59 0-092 27°1 0-27 x 105 
c., 4-82 0-062 93 0-19 x 105 
8 ,, 8-32 0-059 4°3 0-106 x 105 


It will be seen from col. 3 that the amount of potassium per g. 
of silica diminishes with increasing quantities of silica; also that 
the amount of potassium taken up by the solid is not proportional 
to the weight of the solid used (compare Joseph and Oakley, loc. cit.). 
As the amount of potassium adsorbed is very small compared with 
the total amount present, the concentration of the potassium ions is 
not materially altered by adsorption. Col. 5 gives the ratio of 
concentration of potassium to hydrogen ions in the solution, showing 
that a decrease in the ratio of potassium to hydrogen ions in the 
double layer is attended by a simultaneous although smaller decrease 
in the ratio in the solution. The higher concentration of hydrogen 
ions in the solution requires for equilibrium a relative increase in 
the number of hydrogen ions per unit surface of the double layer. 

In conjunction with equation (5), these results signify that a 
decrease in the value of x increases the value of Cy-. Assuming x to 
be small, Cy. should vary inversely as x? [putting f(x) = 2]. Col. 2 
shows that the rate of increase is much smaller than is required by 
this relationship. If zis not very small, then the divergence becomes 
still greater. As nothing is known regarding the manner in which 
the solubilities of the components of the solid solution change with 
the composition, a discussion of these results from the chemical 
point of view is unprofitable. From our point of view, it is easy to 
understand that a greater number of hydrogen ions in the double 
layer can only be in equilibrium with a higher concentration in 
solution. 


The Adsorption of Acids by Silica. 


The total amount of acid liberated on continued washing gives 
a rough indication of the amount of hydroxyl ions (covered or 
uncovered) adsorbed per g. of the substance. As the primary 
adsorption is attributed to chemical forces, other anions may also 


INTERACTION BETWEEN HYDRATED SILICA, ETC. 3031 


be adsorbed. We have already seen from electro-osmotic experi- 
ments that anions are primarily adsorbed. The adsorption of anions 
is closely related to the adsorption of acids. A quantitative deter- 
mination of the latter is of interest in relation to the acidity of clays. 
On chemical grounds, one would expect that the primary adsorption 
of hydroxyl ions would be very strong compared with that of other 
anions. The adsorption of acids should therefore be lower than that 
indicated by the total amount of acid liberated on continued washing. 
The adsorption of hydrochloric acid has been determined both by 
conductivity and by #.M.F. methods, corrections being applied for 
the diluting effect of the water of hydration. (It can also be 
demonstrated by the use of indicators.) In view of the method of 
preparation of the silica (p. 3023), the only possible extraneous 
source of alkali is ammonia from the air, but this was shown to be 
absent throughout. Great care was taken to shelter the samples 
from dust and fumes. The extremely low conductivity of the water 
in contact with silica shows that there are no electrolytic impurities. 


TABLE IX. 
Experiment A (Wt. of silica, 40 g.; hydration, 84:-4%; vol. of solution, 
100 c.c.). 
Conc. of 
Conc. of acid (x 10‘). original acid Amount 
Z (corrected Change in adsorbed per g.- 
Before After for dilution conc.due to mol. of silicon 
adsorp-  adsorp- by hydr- adsorption dioxide 
Method. tion. tion. ation) x 10‘. x 104. x 104. 
Conductivity.* 9-6 6-85 7-22 0°37 0-47 
E.M.F. ...... 943 6-38 7:05 0°67 0-65 
Experiment B (Wt. of silica, 20 g.; hydration, 59:6%; vol. of solution, 
30 c.c.). 

E.M.F. ...... 2°82 0-43 2 1-97 0-62 
Experiment C (Wt. of silica, 100 g.; hydration, 86-6%; vol. of solution, 
100 ¢.c.). 

Conductivity 3-05 1-46 1-93 0°47 0-5 
ps 6 eee 2-93 1 1-86 0°86 0-91 


* For hydrochloric acid A,, has been taken as 455 at 30°. 


We have found a difference in the amount adsorbed as calculated 
from H.M.F. and from conductivity measurements. The difference 
cannot be accounted for on the basis of replacement of hydrogen 
ion by another cation and, as no free alkali could possibly come in 
contact with the samples, we believe the H.M.F. to be less accurate 
than the conductivity measurements, especially as the hydrogen 
electrodes often lost their reproducibility. The liquid is never free 
from suspended particles, although in presence of neutral salt the 
upper liquid becomes perfectly clear after 24 hours. 
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The only impurity that could possibly be present in our silica is 
titanium oxide: the silicon tetrachloride employed (Merck or 
Kahlbaum) contained titanium chloride, but two distillations from 
a water-bath rendered it free from titanium as shown by the 
following analytical data, for which we are indebted to Mr. P. R. 
Ray, M.A.: (1) 8-8009 g. of hydrated silica were heated with 
hydrofluoric and sulphuric acids in a platinum basin. The latter 
gained 0-3 mg. in weight, of which 0-1 mg. was due to impurities in 
the acids, as shown by a control. The difference of 0-2 mg. is 
within the limits of experimental error. (2) 6 G. of ignited silica 
were fused with potassium bisulphate and extracted with water. 
Colorimetric comparisons, after the addition of hydrogen peroxide, 
showed this solution to contain less titanium than 0-04 c.c. of a 
solution containing 1 mg. of titanium per c.c., 7.e., the titanium, if 
any, is therefore less than 8 x 10-5 g.-atom per mol. of silicon 
dioxide, too little to account for the observed adsorption. 

The results given above leave no doubt as to the adsorption of 
acid by silica, and the amount adsorbed, although small, is comparable 
with the acidity to be attributed to the silica itself. 


Discussion. 


We shall now briefly discuss some further difficulties in the way 
of applying our usual chemical conceptions to this reaction. It is 
well known that in the presence of an electrolyte with or without a 
common ion the solubility of the so-called undissociated molecules 
does not remain constant. The product of the ionic activities, 
however, is constant and independent of the concentration and 
nature of the ions present. Considerations based on the solubility 
of pure phases give no clue as to the activity of the hydrogen ion 
liberated in presence of different cations. Thus in equations (2) 
to (6) it is not sufficient to know the values of S,, Ss,, etc.: we must 
also know how the solubility (or activity) changes with the nature 
and concentration of the added electrolyte; i.e., the function 
f(1 — x) or f(x) may vary from one electrolyte to another. As 
these equations in reality deal with thermodynamic quantities and 
not with solubilities, we have always to assume that the solubilities 
are such as would satisfy the thermodynamic relationships. More- 
over, it is not at present possible to predict on theoretical grounds 
the solubilities of the different salts in such cases. On the contrary, 
from our point of view the capacity of a cation to liberate hydrogen 
ions depends upon its mobility and valency when the cation is not 
primarily adsorbed by the surface, and electrical forces alone are 
responsible for the adsorption. 

Lastly, if we consider that at the same molar concentration the 
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activity coefficient of the bivalent cations is less than that of the 
univalent cations (Lewis and Randall, loc. cit.), it appears that the 
activity of the liberated hydrogen ions would be still greater for 
the bivalent cations than for univalent ions when their effects are 
compared at concentrations such that both have the same actual 
activity. The order K'>Ba">Na’ is, however, theoretically 
possible if mobility alone determines the electrical adsorbability. 


Summary. 


(1) It is shown that the usual conceptions of chemical equilibrium 
fail to account for the interaction between silica and neutral salt 
solutions. 

(2) In agreement with Mukherjee’s theory, there is a close 
relationship between the valency and mobility of the cation and its 
effect on the liberation of hydrogen ions. 

(3) The adsorption of acids by silica has been definitely demon- 
strated. 


UNIVERSITY COLLEGE OF SCIENCE AND TECHNOLOGY, 
CaLcumTta. [Received, July 7th, 1926.] 


CCCCIV.—The Dicarbazyls. Part I. Synthesis of 
3 : 3’-Dicarbazyl. 


By Stantey Horwoop TUCKER. 


OxrpaTion of carbazole gives rise to two dicarbazyls, m. p. 220° 
and 265°, respectively, and an amorphous substance (Perkin and 
Tucker, J., 1921, 119, 216). Neither of these dicarbazyls is 3 : 3’- 
dicarbazyl, the synthesis of which has been achieved according to 
the scheme : 


© NaS Qa )> (Om) m 
aMOPO). = OFF 


NH (IV.) 


3: 3 -Dicarbazyl was not formed in the oxidation of carbazole with 
potassium permanganate in acetone solution; and the amorphous 
substance obtained in 75% yield was not the product of oxidation of 
any 3: 3’-dicarbazyl that might have been formed (compare the 
conversion of diphenylbenzidine into amorphous bisdiphenyldibi- 
phenylenehydrazine; Wieland and Wecker, Ber., 1922, 55, 1804), 
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for 3: 3’-dicarb zyl, on oxidation under similar conditions, gives 
a different amorphous substance. 

3 : 3’-Dicarbazyl has also been prepared by the direct oxidation 
of carbazole in acid solution—a process that will be described in a 
future paper. 

EXPERIMENTAL. 

NN’-Di-o-nitrophenylbenzidine (I1).—(Method A.) A mixture of 
benzidine (16 g.) and o-chloronitrobenzene (72 g.) was stirred for 
3 hours in an oil-bath at 245° (compare Schépff, Ber., 1889, 22, 904), 
the hot melt poured into benzene, and, when cold, the insoluble portion 
extracted with cold benzene. The dark brown, powdery residue 
(10—15 g.) was extracted thrice with boiling xylene (200 c.c. each 
time). The xylene extract was boiled with animal charcoal for 
} hour and concentrated to a very small bulk; the brick-red crystals 
which separated on cooling recrystallised from acetic anhydride 
in scarlet crystals (5 g.), m. p. 240° (Found: N, 13-0. C,,H,,0,N, 
requires N, 13-1%). 

(Method B.) A mixture of o-nitrodiphenylamine (3 g.), glacial 
acetic acid (200 c.c.), and concentrated sulphuric acid (50 c.c.) 
was cooled and slowly treated with a solution of sodium dichromate 
(3 g.) in water (5 c.c.) and glacial acetic acid (20 c.c.) (compare 
Wieland, Ber., 1913, 46, 3300). After } hour, the reddish-purple 
solution was poured into excess of sulphurous acid, the brown 
precipitate was extracted several times with boiling xylene (residue, 
1 g.), and the extracts were concentrated, filtered from a brown 
impurity which separated, and evaporated almost to dryness. 
The red crystals thus obtained melted at 240° after recrystallisation 
from acetic anhydride. The yield (1 g.) was slightly reduced when 
the quantities of acetic and sulphuric acids were halved. 

The identity of the products obtained by methods A and B was 
established by the m. p. of a mixture of the two and also by the 
preparation of NN’-diacetyldi-o-nitrophenylbenzidine (see below) 
from each. 

o-Nitrodiphenylamine and NWN’-di-o-nitrophenylbenzidine were 
unattacked by sodium dichromate in cold glacial acetic acid, but 
were completely destroyed in the boiling solution. They were 
recovered unchanged from boiling acetone containing potassium 
permanganate. 

NN’ -Di-o-nitrophenylbenzidine is very sparingly soluble in glacial 
acetic acid or alcohol, more soluble in acetone, and very soluble 
in pyridine or benzaldehyde. It crystallises best from xylene or 
acetic anhydride. 

N-o-Nitrophenylbenzidine.—The benzene extract mentioned above 
(method A) was steam-distilled, and the black residue boiled with 
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alcohol. The solution, after being filtered from a small quantity 
of NN’-di-o-nitrophenylbenzidine, deposited orange crystals which, 
after several recrystallisations, became dark crimson and finally 
reddish-orange, pointed laminz of N-o-nitrophenylbenzidine (Found : 
N, 13-7. C,,H,,0,.N, requires N, 13-8%). The yield was con- 
siderably increased by carrying out the experiment at 235°, less 
NN'-di-o-nitrophenylbenzidine being formed. 

N-Acetyl-N’-o-nitrophenylbenzidine was prepared by boiling 
o-nitrophenylbenzidine with excess of acetic anhydride for } hour; 
the liquid, after being concentrated to a very small bulk, deposited 
the acetyl derivative. This crystallised from glacial acetic acid in 
orange laminz (Found: N, 12-0. C,,H,,O,N, requires N, 12-1%), 
from anisole in reddish-orange leaflets, from alcohol or xylene as a 
mixture of yellowish-orange and reddish-orange leaflets, and from 
ethyl acetate, in which it was sparingly soluble, in yellowish-orange 
leaflets with a bronze reflex; the ethyl acetate mother-liquor 
slowly deposited thick rods. All these varieties, alone or in admix- 
ture, melted at 222° and there was no evidence that solvent of crys- 
tallisation was present. The substance was almost insoluble in 
carbon tetrachloride or methyl alcohol but readily soluble in 
chloroform. 

NN’-Diacetyl-NN’-di-o-nitrophenylbenzidine was prepared by boil- 
ing NN’-di-o-nitrophenylbenzidine with excess of acetic anhydride 
containing a trace of concentrated sulphuric acid (unless this 
catalyst was present, no reaction occurred). The solution, the colour 
of which changed in a few minutes from scarlet to brown, was poured 
into water and the precipitate was crystallised from benzene with 
the aid of animal charcoal, straw-yellow, diamond-shaped laminze 
being obtained, m. p. 80—85° (Found : N, 8-8. C,,H,.0,N4,2C,H, 
requires N, 8-4%). The compound separated with one molecule 
of solvent of crystallisation from ethyl alcohol (m. p. 120° with 
effervescence), glacial acetic acid (m. p. 100—105°), and methyl 
alcohol, in which it was sparingly soluble after the first crystallis- 
ation (m. p. 125—130°). It was very soluble in acetone, pyridine, 
acetic anhydride, or hot anisole, almost insoluble in carbon tetra- 
chloride, and separated as an oil from xylene and toluene; it 
crystallised in minute, lemon-yellow rods from ethyl acetate. 

The diacetyl derivative prepared from NN’-di-o-nitropheny]l- 
benzidine which had been obtained from o0-nitrodiphenylamine 
(method B) separated from methyl alcohol in orange crystals; 
successive crystallisations from ethyl acetate and methyl alcohol 
then gave yellow crystals. 

NN’-Di-o-aminophenylbenzidine (I1).—N N’-Di-o-nitrophenylbenz- 
idine (10 g.), alcohol (250 c.c.), concentrated hydrochloric acid 
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(250 c.c.), and excess of tin were vigorously boiled together until 
the red colour changed to a faint brown (3—4 hours). The crystal- 
line mixture obtained on cooling was separated and extracted with 
hot dilute hydrochloric acid and the hot extract was poured into a 
hot concentrated solution of caustic soda. The precipitate obtained, 
after being dried, crystallised from benzene, in which it was sparingly 
soluble, in nacreous, white plates of NN’-di-o-aminophenylbenzidine, 
which shrank at 205° and melted to a faintly brown liquid at 218° 
(yield, 60—70%) (Found: C, 78-4; H, 5-9; N, 15:3. C,,Ho Ny 
requires C, 78-7; H, 6-0; N, 153%). The base is sparingly soluble 
in alcohol, and very soluble in acetone, cyclohexanone, or pyridine, 
and is partly adsorbed from the solutions by animal charcoal; it 
is insoluble in carbon tetrachloride. It dissolves in cold glacial 
acetic acid and in acetic anhydride, and the solutions immediately 
deposit needles and prisms respectively; the reactions involved 
will be considered in a later paper. 

The dihydrochloride crystallises from very dilute hydrochloric 
acid in cream-coloured needles arranged in fish-bone fashion and 
becomes green to blue at 230—260° (Found : Cl, 15-9. C,,H,.N,,2HCl 
requires Cl, 16-2%). It readily dissociates, even in boiling dilute 
hydrochloric acid, the base separating as a salmon-pink powder. 

NN’-Di-o-nitrophenylbenzidine in boiling glacial acetic acid 
solution was readily reduced by zinc dust. This method was not 
adopted, however, because prolonged boiling with glacial acetic 
acid converted the diamino-compound produced into a benzimin- 
azole. The reaction is being studied. 

4:4'-Di-1" : 2" : 3”-benztriazolyldiphenyl (II1).—NN’-Di-o-amino- 
phenylbenzidine (5 g.), dissolved in hot glacial acetic acid (100 c.c.), 
was added all at once to cold glacial acetic acid (100 c.c.) and solid 
sodium nitrite (10 g.). A pale brown, flocculent precipitate separ- 
ated from the vigorously effervescing, red liquid. The mixture 
was boiled for a minute, and filtered while warm. The precipitate, 
after being washed with cold glacial acetic acid and with water, 
was boiled with acetic anhydride (about 1 1.) and animal charcoal 
for 4 hour; thereafter the product was obtained in cream-coloured 
micro-lamine which chrank at 295° and melted at 299° with darken- 
ing but no effervescence (yield, 4-2 g.; 80%) (Found: N, 21-6. 
C.,H,,N, requires N, 21-6%). It is very soluble in hot benzalde- 
hyde, pyridine, or nitrobenzene, sparingly soluble in anisole, and 
almost insoluble in glacial acetic acid, alcohol, acetone, carbon 
tetrachloride, amyl alcohol, xylene, or ethyl acetate. The colour- 
less solution in concentrated sulphuric acid becomes mauve on the 
addition of a trace of nitric acid. 

Diazotisation of NN’-di-o-aminophenylbenzidine with amyl 
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nitrite in glacial acetic acid gave an impure product; and treat- 
ment of the amine hydrochloride in excess of hydrochloric acid 
with sodium or potassium nitrite solution gave deep mauve products 
from which it was difficult to isolate any of the desired benztriazole. 

3: 3’-Dicarbazyl (IV).—The preceding benztriazole derivative 
(4 g.) in 2 g. lots was very carefully heated over a free flame for 
a few minutes until it had melted and the gentle effervescence that 
set in had ceased. (The liquid explodes if it is overheated.) The 
black residue dissolved completely in anisole * (about 500 c.c.). 
The solution was boiled for 5 minutes with animal charcoal and 
filtered; the pale yellow filtrate deposited 3 : 3’-dicarbazyl (1-7 g.; 
yield, about 50%) as a colourless, microcrystalline powder (Found : 
C, 86-4; H, 4:7; N, 8-7. C,,H,,N. requires C, 86-7; H, 4:8; 
N, 8:-4%). 

If the decomposition of the dibenztriazolyldiphenyl has been 
incomplete, the filtrate from the charcoal first deposits the unchanged 
material as feathery crystals. 

3: 3’-Dicarbazyl melts above 350° without decomposition. It 
erystallises from benzaldehyde with considerable loss and from nitro- 
benzene, aniline, or tetrahydronaphthalene in an impure condition. 
It is insoluble in alcohol, carbon tetrachloride, or trichloroethylene, 
slightly soluble in acetone, amy] alcohol, xylene, or acetic anhydride, 
more soluble in methyl ethyl ketone, and readily soluble in cyclo- 
hexanone or pyridine ; the concentrated solutions deposit amorphous 
material. Mixed solvents also are ineffectual for crystallisation. 
3 : 3’ -Dicarbazyl is insoluble in camphor, acetic acid, bromoform, 
benzene, naphthalene, and other solvents used for determining 
molecular weights. It dissolves in cold concentrated sulphuric 
acid; the emerald-green solution becomes ink-blue on addition 
of a trace of nitric acid—a reaction characteristic of carbazoles. 
3 : 3’-Dicarbazyl distils at a red heat, subliming in small quantity 
in long, rectangular laminz, and the vapour has a carbazole-like 
odour. It also resembles carbazole in having a faint violet fluores- 
cence when quite pure. 

3: 3’-Dicarbazyl can be separated from dibenztriazolyldiphenyl 
by means of much acetone, in which the latter is insoluble. 

Oxidation of 3:3'-Dicarbazyl.—A solution of 3 : 3’-dicarbazyl 
in acetone was boiled with excess of potassium permanganate for 
one hour. The brown precipitate was separated and warmed with 
sulphurous acid, and the yellow precipitate thus formed was washed 
with water and dried. The acetone filtrate gave similarly what 
seemed to be the same substance. The united amorphous products 


* The anisole was washed with aqueous ammonia (d 0-880) to remove 


5L2 


traces of sulphuric acid, which turn 3 : 3’-dicarbazyl green. 
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dried toa pale brown powder. This was boiled with acetic anhydride 
containing a trace of concentrated sulphuric acid to remove 
unchanged 3 : 3’-dicarbazyl, but it was completely insoluble. It was 
insoluble in benzene, xylene, acetone, acetic anhydride, acetic acid, 
alcohol, ether, or chloroform. It dissolved partly, leaving gelatinous 
residues, in.nitrobenzene, anisole, tetrahydronaphthalene, pyridine, 
cyclohexanone, and aniline. Solutions of the substance in the last 
three solvents were boiled with charcoal, filtered, and poured into 
acetone. The small amount of precipitate obtained was pale brown. 
It charred at a high temperature, contained a trace of sulphur, 
and left no residue when burnt in oxygen. 

9 : 9’-Diacetyl-3 : 3'-dicarbazyl.—3 : 3'-Dicarbazyl dissolved gradu- 
ally in excess of boiling acetic anhydride, but solution was effected 
at once by addition of a trace of concentrated sulphuric acid. 
The mixture was poured into water; the precipitate crystallised 
from glacial acetic acid in minute rosettes of colourless needles, 
m. p. 247—249° (Found: C, 80-6; H, 4:6; N, 6-7. M, by Rast’s 
method, 425. C,,H,,O,N, requires C, 80-8; H, 4:8; N, 6-7%; 
M, 416). It crystallised also from anisole and was readily soluble 
in acetic anhydride or cold pyridine, less soluble in acetone, xylene, 
toluene, or ethyl acetate, and insoluble in benzene, alcohol, or 
carbon tetrachloride. Hydrolysis was brought about in 1—2 
hours by a boiling mixture of glacial acetic acid and dilute sulphuric 
or hydrochloric acid; 3 : 3’-dicarbazyl was slowly precipitated as a 
green or as a clean grey product according as sulphuric acid or 
hydrochloric acid was used. 


I wish to thank Mr. James Cameron for repeating several of the 
analyses and preparing the initial nitro-compound in quantity. 


UNIVERSITY OF GLASGOW. [Received, September 20th, 1926.] 


CCCCV.—The Stereochemistry of the Hydronaphthalenes. 
Part I. Decahydro-B-naphthamides. 


By Francis WiitiAMm Kay and Nog. Stuart. 


Mour’s theory of the isomerism of the decahydronaphthalenes, 
based on the views of Sachse on the strainless character of the 
cyclohexane ring (J. pr. Chem., 1918, 98, 315), indicates that a 
monosubstituted decahydronaphthalene should exist in four dis- 
tinct racemic forms. Decahydro-$-naphthoic acid, for example, 
should exist on this theory in the four racemic modifications repre- 
sented diagrammatically by the formule I—IV, which show one 
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of the two enantiomeric components of each form. I and II are 
derivatives of cis-, III and IV of "E> 


(I.) (II.) (IIT.) (IV.) 


Borsche and Lange (Annalen, 1923, 434, 219), by fractionally 
crystallising the amide, isolated two of the four racemic forms of 
decahydro-$-naphthoic acid, melting respectively at 165—166° 
and 195°. In a footnote, they hinted at the possible existence 
of a third racemic form, but they apparently failed to realise the 
stereochemical significance of their results. 

The re-examination of decahydro-8-naphthoic acid by the present 
authors revealed the existence of a third isomeride in the form of an 
amide melting at 139—140° and indicated the occurrence of a 
fourth. 

Decahydro-8-naphthamide was prepared by reducing ar-tetra- 
hydro-8-naphthoic acid and applying the usual technique to the 
crude decahydro-acid thus obtained—fractional crystallisation of 
the amidic mixture was preferred, as the corresponding mixture of 
acids was oily. Reduction with amyl alcohol and sodium at 150° 
yielded almost solely a trans-decahydro-f-naphthamide, contrary 
to the effect of catalytic hydrogenation, which produces cis- 
decahydronaphthalene to the extent of 90° (Willstatter and Seitz, 
Ber., 1924, 57, 683). The hydrogenation of the naphthalene 
nucleus is in fact conditioned by temperature and other physical 
factors, for the use of ethyl alcohol in the reduction of the tetra- 
hydro-acid gave a totally different result, exhaustive fractional 
crystallisation of the mixed amides yielding a sparingly soluble 
component with a maximum melting point of 169—171° and a more 
soluble one, m. p. 139—140°, constituting 66% of the mixture. 
Neither of these two amides has been previously isolated, and their 
existence must be regarded as confirming the stereochemical ideas 
elaborated above. 


ExPERIMENTAL. 


Decahydro-8-naphthoic Acids.—(1) ar-Tetrahydro--naphthoic acid 
(5 g.), dissolved in 150 c.c. of amyl alcohol, was dropped on to 
20 g. of sodium (five times the theoretical quantity) heated at 150°; 
towards the end of the reaction 150 c.c. of amyl alcohol were added 
to dissolve the remaining sodium. The product was poured into 
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water, and the amyl alcohol removed by steam distillation. (It is 
not sufficient merely to distil the aqueous layer, as the sodium salt 
of the decahydro-acid is appreciably soluble in amyl alcohol.) The 
alkaline solution was acidified with dilute hydrochloric acid, the 
decahydro-acid separating as an oil which solidified to a waxy solid, 
m. p. 65—75°. (2) The above procedure was repeated, 100 c.c. of 
ethyl alcohol being used in place of the amyl alcohol and a further 
50 c.c. added to dissolve all the sodium. The product solidified 
more rapidly than the preceding one and melted at 80—90°. 

Decahydro-8-naphthamides.—A solution of 5 g. of the decahydro- 
acid in 50 c.c. of chloroform was dried over calcium chloride and 
treated with 7 g. of phosphorus pentachloride in the cold. When 
the evolution of hydrogen chloride ceased, the chloroform was 
distilled in a vacuum, and the residue evaporated several times with 
fresh chloroform to remove phosphorus oxychloride. The product 
was maintained for some time at 100° in a vacuum and was then 
slowly poured into 150 c.c. of concentrated aqueous ammonia; 
the crude amide, thus obtained in white flakes, melted, when dry, 
at 105—-120° or 110—122° according as the initial acid had been 
prepared by reduction with amyl alcohol or with ethyl alcohol. 

Fractionation of the Decahydro-B-naphthamides.—A solution of 
the crude amide in cold 50% aqueous alcohol was treated with 
successive small quantities of water; after each addition the solution 
was warmed slightly to dissolve the precipitated amide and then 
allowed to cool slowly and the crystals deposited were removed. 
In order to obtain the final, lower-melting and more water-soluble 
portions of the amide it was necessary to concentrate the solution. 
The fractions so obtained were further sub-divided in the same 
manner. Fractions having approximately the same m. p. were 
now combined and again fractionated. As a rule, the first crop 
obtained from any fraction had a higher m. p. than the last crop from 
the preceding fraction. 

(1) Amides from the acid obtained by reduction with amyl alcohol. 
After four operations, an amide, m. p. 195—196°, and a small 
quantity of another, m. p. 171—174°, were obtained. By 
systematically working up the mother-liquors, almost all the 195°- 
amide was fractionated out in about twenty operations, leaving 
vanishingly small fractions with melting points between 100° and 
195°. 

(2) Amides from the acid obtained by reduction with ethyl alcohol. 
After eight operations, an amide of m. p. 169—171° was obtained 
(Found: N, 7-4. ©,,H,,ON requires N, 7:7%); exhaustive 
fractionation gave also, in twenty-four operations, an amide of 
m. p. 139—140° (Found: N, 7-5%) and scarcely anything else. 
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We desire to express our thanks to the Advisory Council of the 
Department of Scientific and Industrial Research for a grant to 
one of us (N.S.) which enabled this research to be carried out. 


UNIVERSITY OF LIVERPOOL. [Received, February 23rd, 1925.] 


CCCCVI.—The Interaction of Thiocarbonyl Chloride and 
Chloro-substituted Anilines and the Inhibitory 
Action of ortho-Substituents. 


By Grorce Matcotm Dyson, HerBert JoHN GEORGE, and 
RoBEeRT FerGus HUNTER. 


THE formation of arylthiocarbimides by Hofmann’s method 
(Annalen, 1846, 57, 256) is greatly inhibited by the presence of one 
nuclear halogen atom in the aniline and almost completely inhibited 
by two; indeed the only dihalogenated arylthiocarbimides hitherto 
synthesised, viz., 2: 4-dichloro- and 2 : 4-dibromo-phenylthiocarb- 
imides (Chattaway, Hardy, and Watts, J., 1924, 125, 1552), were 
obtained with considerable difficulty by acid hydrolysis of the 
corresponding s-phenylarylthiocarbamides. These facts led the 
present authors to extend the synthesis of thiocarbimides by means 
of thiocarbonyl chloride (Rathke, Ber., 1872, 5, 799; Dyson and 
George, J., 1924, 125, 1702; Dyson and Hunter, J. Soc. Chem. 
Ind., 1926, 45, 831) to the chloro-substituted arylthiocarbimides. 

The desired reaction proceeded readily with m-chloroaniline and 
even more readily with p-chloroaniline, sluggishly with o-chloro- 
aniline, readily with 3:4- and 3: 5-dichloroanilines, slowly with 
2:4- and 2: 5-dichloroanilines, and not at all with 2 : 6-dichloro- 
aniline; evidently it is inhibited greatly by one o-chlorine atom and 
completely by two. In accordance with this deduction, 2:3:5: 6- 
tetrachloroaniline and pentachloroaniline, and also 2 : 6-dibromo- 
and 2:4: 6-tribromo-anilines, did not react with thiocarbonyl 
chloride. 

Thiocarbonyl chloride reacted with 3 : 4 : 5- and with 3 : 4 : 6-tri- 
chloroaniline to give the corresponding trichlorophenylthiocarb- 
imides—the first trihalogenated arylthiocarbimides to be isolated. 

All the thiocarbimides synthesised in this work were characterised 
in the form of the corresponding thiocarbamides, which are well- 
defined, crystalline substances. 


ExPERIMENTAL. 


The thiocarbimides described below were prepared as follows : 
Thiocarbonyl chloride (1 mol.) was completely suspended in cold 
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water (10 vols.) by vigorous stirring during the addition of the 
chloroaniline (0-75 mol.), dissolved in chloroform (5 vols.). After 
$ hour’s stirring, the chloroform layer was removed and dried 
with calcium chloride and the solvent was evaporated on a steam- 
bath; the thiocarbimide was obtained by fractionally distilling the 
residual oil. 

The chlorophenylthiocarbamides, NHAr-CS:NH,, were prepared 
from the respective thiocarbimides and warm alcoholic ammonia, 
and the s-dichlorophenylthiocarbamides, CS(NHAr),, from the thio- 
carbimides (1 mol.) and the corresponding chloroanilines (1 mol.) in 
chloroform; they were usually crystallised from dilute alcohol. 

The following compounds were prepared: o-Chlorophenylthio- 
carbimide, a pale yellow oil, b. p. 260—262°/760 mm., having a 
pungent odour and lachrymatory properties (Found: S, 18-9%). 
o-Chlorophenylthiocarbamide (prepared at 15°, since heating pro- 
duces a brown tar which apparently contains o-aminopheny]lthio- 
carbamide), short needles, m. p. 146° (Found: S, 17-0%).  s-Di- 
o-chlorophenylthiocarbamide, needles, m. p. 129° (Found : S, 11-1%). 

m-Chlorophenylthiocarbimide, a colourless, highly refractive oil, 
b. p. 249—250°/760 mm., having a pungent odour (Found: §, 
19-0%). m-Chlorophenylthiocarbamide, long, flat plates, m. p. 
140° (Found: §, 17-1%). s-Di-m-chlorophenylthiocarbamide, 
small prisms, m. p. 131° (Found: S§, 10-8%). 

p-Chlorophenylthiocarbimide, broad, shining plates, m. p. 45°, 
having the odour of aniseed (Found: S, 18-6%). p-Chloropheny]- 
thiocarbamide, broad, glistening plates, m. p. 174° (Found: §, 
17-3%).  s-Di-p-chlorophenylthiocarbamide, glistening needles, 
m. p. 176° (Found : 8, 10-7%). 

2 : 3-Dichlorophenylthiocarbimide, a highly refractive oil, b. p. 
256—258°/760 mm. (Found: §8, 16-0. C,H,NCI,S requires §, 
15-:7%). 2: 3-Dichlorophenylthiocarbamide, needles, m. p. 148° 
(Found: §, 14-7. C,H,N,CLS requires 8, 145%). s-Di-2 : 3-di- 
chlorophenylthiocarbamide, thin lamine, m. p. 140° (Found : §, 8:8. 
C,,H,N,Cl,S requires 8, 8-7%). 

2 : 4-Dichlorophenylthiocarbimide, small prisms, m. p. 39-5°, 
b. p. 260°/760 mm., having the odour of aniseed (Found : §, 16-1%). 
2: 4-Dichlorophenylthiocarbamide, small crystals, m. p. 160° 
(Found: 8, 144%).  s-Di-2 : 4-dichlorophenylthiocarbamide, 
needles m. p. 169° (Found: 8, 8-8%). 

3: 4-Dichlorophenylthiocarbimide, a pale yellow oil, b. p. 
262°/760 mm., which solidified (Found: 8, 15-7%). 3: 4-Dichloro- 
phenylthiocarbamide, needles, m. p. 164° (Found: 8S, 145%). 
s-Di-3 : 4-dichlorophenylthiocarbamide, large, broad plates, m. p. 
144° (Found : §, 8-7%). 
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3 : 5-Dichlorophenylthiocarbimide, long needles, m. p. 45—50°, 
b. p. 274°/760 mm. (Found: 8, 160%). 3: 5-Dichlorophenyl- 
thiocarbamide, slender needles, m. p. 155° (Found: S, 14-4%). 
s-Di-3 : 5-dichlorophenylthiocarbamide, small prisms, m. p. 142° 
(Found: S, 7-1%). 

3:4: 5-Trichlorophenylthiocarbimide, an oil, b. p. 280° (decomp.). 
s-Di-3 : 4 : 5-trichlorophenylthiocarbamide, short needles, m. p. 140° 
(Found: 8, 7-5. C,,H,N,CI,S requires 8, 7-3%). 

3:4: 6-Trichlorophenylthiocarbimide, an oil, b. p. 280°, which 
slowly solidified (Found: 8, 14:0. C,H,NCI,S requires 8, 13-4%). 
3:4: 6-Trichlorophenylthiocarbamide, needles, m. p. 162° (Found : 
8, 13-0. C,H,;N,CI,S requires 8, 13-4%%). 

2 : 6-Dichloroaniline.—Beilstein and Kurbatow’s method (Annalen, 
1879, 196, 216) being unsatisfactory, this substance was prepared 
as follows (compare Heinichen, Annalen, 1889, 253, 275; Orton 
and Pearson, J., 1908, 93, 735): A neutral solution of sulphanilic 
acid (1 mol.) in 25% aqueous sodium hydroxide was diluted until 
the concentration of sulphanilic acid was approximately 1%, and 
into it, cooled in ice, the calculated quantity of chlorine diluted 
with carbon dioxide (10 vols.) was passed. The crude 2 : 6-dichloro- 
sulphanilic acid obtained by evaporating the filtered solution after 
treatment with animal charcoal was mixed with 98% sulphuric 
acid (10 parts) and treated with steam at 180°. The 2 : 6-dichloro- 
aniline that distilled crystallised from dilute alcohol in slender 
needles, m. p. 39° (yield, 15—20%). It was recovered unchanged 
after being heated with thiocarbonyl chloride in a sealed tube at 
180—200°. 

3 : 5-Dichloroaniline.—s-Trinitrobenzene in alcoholic solution 
was reduced with ammonium sulphide and the 3 : 5-dinitroaniline 
produced was diazotised and boiled with a solution of cuprous 
chloride in concentrated hydrochloric acid. Distillation with 
steam at 140° then removed 3 : 5-dinitrochlorobenzene; the residue 
in the flask gave, after recrystallisation, a 15—20% yield of 
3:3':5: 5’-tetranitrodiphenyl. The dinitrochlorobenzene was re- 
duced with ammonium sulphide, and the 5-chloro-m-nitroaniline 
obtained was converted into 3 : 5-dichloronitrobenzene in the usual 
way. Reduction in alcoholic solution with iron dust and a trace 
of hydrochloric acid then gave an 80° yield of 3 : 5-dichloroaniline 
in slender needles, m. p. 50° (Witt, Ber., 1875, 8, 145; Beilstein and 
Kurbatow, Annalen, 1875, 176, 219). 

3:4: 5-Trichloroaniline.—2 : 6-Dichloro-4-nitroaniline (prepared 
by the action of potassium chlorate on a solution of p-nitroaniline 
in dilute hydrochloric acid) (1 mol.) was dissolved in acetic acid 


(10 vols.) and concentrated sulphuric acid (2 mols.), cooled to 0°, 
5 L* 
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and treated with methyl nitrite. The diazotised solution was 
heated with a solution of cuprous chloride in concentrated hydro- 
chloric acid, and the trichloronitrobenzene isolated by steam dis- 
tillation. Reduction with tin and hydrochloric acid then gave 
3: 4: 5-trichloroaniline in white needles, m. p. 89°.. 

3:4:6-Trichloroaniline—The methods of Lesimple (Annalen, 
1866, 137, 125), Beilstein and Kurbatow (ibid., 1879, 196, 232), 
and Gleube and Rostowzein (Ber., 1901, 34, 211) having proved 
inconvenient, this compound was prepared by chlorinating m-chloro- 
acetanilide until the increase in weight corresponded with the 
introduction of two molecules of chlorine; on hydrolysis the 
trichloroaniline was obtained in small crystals, m. p. 95°. 

2:3:5:6-Tetrachloroaniline—The methods of Beilstein and 
Kurbatow (Annalen, 1879, 196, 236) and Hentschel (Ber., 1898, 
31, 248) are unsatisfactory. 

A solution of 50 g. of 1: 2:4: 5-tetrachlorobenzene in warm 
fuming nitric acid (150 c.c.) was poured into water and the orange 
product, which contained tetrachlorobenzoquinone, was collected 
and extracted three times with boiling light petroleum. The 
extracts were evaporated on a steam-bath; on recrystallising the 
residue from alcohol, tetrachloronitrobenzene was obtained in pale 
yellow needles, m. p. 99°. Reduction with tin and hydrochloric 
acid gave 12 g. of 2: 3: 5: 6-tetrachloroaniline, m. p. 90°. 


The authors desire to express their gratitude to the Research 
Fund Committee of the Chemical Society and to the Trustees of 
the Dixon Fund of the University of London for grants which 
have helped to defray the cost of the materials used in this in- 
vestigation. 


JESUS COLLEGE, OxFORD. IMPERIAL COLLEGE, LONDON, S.W.7. 
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CCCCVII.—I vestigations in the Diphenyl Series. Part 
III. Derivatives of 4-Hydroxydiphenyl. 


By Frank Bett and JosePpH Kenyon. 


It has been suggested (Turner, Nature, 1923, 112, 439) that the 
asymmetry of the diphenyl derivatives resolved by Kenner (J., 
1922, 121, 614, et seq.) is due to the presence of a permanent bond 
between the 4- and the 4’-position (I). Abnormal reactivity of the 
hydrogen atom in the 4’-position subsequent to the introduction of 
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a suitable group in the 4-position would be strongly indicative of 
such a direct connexion. It is well known that the p-hydrogen 
atom of both dimethylaniline and phenol is specially reactive, but 
no such reactivity has been found in the corresponding diphenyl 
derivatives: 4-dimethylaminodiphenyl neither condenses with 
benzaldehyde nor couples with diazotised aniline or diazotised 
sulphanilic acid, whilst with nitrous acid it yields 3-nitro-4-di- 
methylaminodiphenyl (Garcié Banis and Ferrer Tomas, Anal. 
Fis. Quim., 1921, 19, 293; Vorlander, Ber., 1925, 58, 1913). 

4-Hydroxydiphenyl couples readily with diazotised aniline; the 
coupling, however, occurs in the 3-position. Similarly, with nitrous 
acid the product is 3-nitro-4-hydroxydiphenyl. A structure of 
type (I) would demand that, in the Reimer-Tiemann reaction, 
4-hydroxydiphenyl should give 4-hydroxy-4’-aldehydodipheny] : 
although no conclusive proof has been obtained, there is little doubt 
that the product is 4-hydroxy-3-aldehydodiphenyl. 

The experimental results at present available suggest that (1) 
free rotation of the two nuclei is possible in all lightly-substituted 
diphenyl] derivatives; (2) when free rotation is inhibited, the two 
nuclei adopt configuration (II), in which they have a common axis 
but are no longer co-planar. 


ee ites a a, < -S aL 
Sih RO i NF C >) 
Hypothesis (1) is in harmony with the facts that attempts to 
resolve diphenic acid and methyl hydrogen diphenate have been 
unsuccessful * and that diphenic acid and its derivatives readily 
yield anhydrides on the one hand and fluorenonecarboxylic acids 
on the other (Underwood and Kochmann, J. Amer. Chem. Soc. 
1924, 46, 2069). 


O 
6 
CO,H CO,H CO,H CO O 


D+ OO+ OO 


Hypothesis (2) appears to be more in harmony with the experi- 
mental facts than the Kaufler configuration, since no evidence 
exists that the 4:4’-positions are close to each other (compare 
Le Févre and Turner, this vol., p. 2476). Moreover, it obviates the 
necessity for assuming frequent changes of configuration such as 


* This is in marked contrast with the behaviour of 6-nitrodiphenic acid, 
which is readily resolvable. 
5 L* 
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the following, where the method of preparation of (IV) suggests a 
cis-structure, whereas theg«esolution of (V) requires a trans-structure. 


NO, NO, 
oe —> NO, NO, —> 
(IIT.) © CO,H vH IV.) 

c0-CO 
CO,H NO, 
No, 00,H 


4-Methoxydiphenyl on nitration yields a mixture of 3-nitro-4- 
methoxydiphenyl (about 80%) and 4’-nitro-4-methoxydiphenyl 
(about 15%); that these derivatives possess the above constitutions 
was established by preparing them from the corresponding nitro- 
phenols. 4’-Nitro-4-hydroxydiphenyl was described by Schmidt 
and Schultz (Annalen, 1881, 207, 347), but from the experiments 
herein described it would appear that the compound obtained by 
them was, in all probability, 3: 4’-dinitro-4-hydroxydipheny]l. 
4’-Nitro-4-methoxydiphenyl very readily nitrates to give 3 : 4’-di- 
nitro-4-methoxydiphenyl, which was also obtained in 50% yield 
by the nitration of 3-nitro-4-methoxydiphenyl. 

Raiford and Colbert (J. Amer. Chem. Soc., 1925, 47, 1456) have 
described the dibromination of 4-hydroxydipheny] and the nitration 
of the resulting dibromohydroxydiphenyl to give a dibromomononi- 
tro-4-hydroxydiphenyl, m. p. 171°. A dibromo-4’-nitro-4-hydroxydi- 
phenyl, m. p. 232—234°, has now been prepared by the bromination 
of 4’-nitro-4-hydroxydiphenyl and it can scarcely be other than 
3 : 5-dibromo-4’-nitro-4-hydroxydiphenyl. It appears, therefore, 
that the dibromophenol cannot be, as Raiford and Colbert suggested, 
3 : 5-dibromo-4-hydroxydiphenyl. The halogenation of 4-hydroxy- 
diphenyl] is being examined in detail. 

4-p-Toluenesulphonyloxydiphenyl nitrates mainly, if not ex- 
clusively, in the 4’-position, a result which is in marked contrast with 
the nitration of 4-p-toluenesulphonaminodiphenyl, which yields 
only the 3-nitro-derivative (compare Part II, this vol., p. 2708). 
It is suggested that the difference in behaviour may be due to sub- 
stitution being possible via the directing group in the former case, 
whereas in the latter direct substitution only can take place. 


ExPERIMENTAL. 


4-Hydroxydiphenyl, prepared in 60% yield by the diazotisation 
of 4-aminodiphenyl, is readily purified by crystallisation from 
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benzene. It does not form an additive compound when warmed 
with p-benzoquinone in benzene solution. 

Reaction with Nitrous Acid.—Sodium nitrite (1 mol.), followed 
by hydrogen peroxide, was added to a solution of 4-hydroxydiphenyl 
in warm acetic acid. The mixture was gently heated for a short 
time and poured into water and the precipitate of 3-nitro-4-hydroxy- 
diphenyl] was crystallised from methy] alcohol. 

2-Hydroxy-5-phenylazobenzene.—Diazotised aniline (1 mol.) was 
added to a cooled solution of 4-hydroxydipheny] in dilute aqueous 
sodium hydroxide. The reddish-brown deposit that formed 
immediately was filtered off, washed with water, and recrystallised 
from alcohol, being obtained as brick-red needles, m. p. 129° 
(Found : C, 78-45; H, 5-2. C,,H,,ON, requires C, 78-8; H, 5-1%). 

This compound was reduced by sodium hyposulphite to 3-amino- 
4-hydroxydiphenyl, m. p. 208° after crystallisation from chloroform. 
This value agrees with that given by Raiford and so also does that 
for the diacetyl derivative. 

4-Hydroxy-3( ?)-aldehydodiphenyl__4-Hydroxydiphenyl (16 g.) 
was heated under reflux for 3 hours with a mixture of chloroform 
(20 g.), sodium hydroxide (20 g.), and water (500 c.c.) and the 
solution was filtered hot. The residue was dissolved in boiling 
water, and the filtered solution decomposed with hydrochloric 
acid. The precipitated aldehyde crystallised from alcohol in 
pale yellow plates, m. p. 102° (Found: C, 79-0; H, 5-3. C,3H, 90, 
requires C, 78-8; H, 5-1%), which gave an intense violet coloration 
with ferric chloride. The phenylhydrazone, precipitated on addition 
of phenylhydrazine to a warm alcoholic solution of the aldehyde, 
crystallised from benzene in needles, m. p. 210° (Found: C, 79-5; 
H, 5:9. C,,H,,ON, requires C, 79:2; H, 5-5%). 

Attempted Resolution of Diphenic Acid.— The brucine and quinine 
salts of diphenic acid were crystallised from various solvents without 
any sign of resolution being observed. The «-phenylethylamine salt 
was obtained as a viscous oil. The strychnine, morphine, and 
brucine salts of methyl hydrogen diphenate were crystallised from 
various solvents, but no resolution could be detected. The quinine 
salt was obtained as a gum. 

Nitration of 4-Methoxydiphenyl—To a solution of 4-methoxy- 
diphenyl (7-4 g.) in acetic anhydride (40 c.c.) was added _ nitric 
acid (d 1-5; 2 c.c.) in acetic anhydride (8 c.c.). Reaction took 
place with evolution of heat, and after 1 hour the mixture was 
poured into water. Repeated crystallisation of the precipitated 
nitro-compounds from alcohol gave 4:2 g. (45%) of 3-nitro-4- 
methoxydiphenyl. On evaporation of the mother-liquor 5 g. of 
material, m. p. 5|0—75°, were obtained. This could not be purified 
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by further crystallisation and therefore was renitrated in a mixture 
of nitric acid (d 1:42; 10 c.c.) and acetic acid (10 c.c.). When 
reaction was complete the mixture was poured into water, and the 
precipitate, m. p. 125—135°, boiled with alcohol (200 c.c.). The 
residue, after repeated crystallisation from benzene, acetic acid, or 
chloroform, melted at 163—166°, but analysis showed that it was 
contaminated with mononitro-derivatives. It was therefore 
warmed for a few minutes with nitric acid; an apparently uniform 
product, m. p. 171°, was then obtained. No other compound could 
be isolated from the more soluble material (2-5 g., m. p. 125—150°). 
Addition of nitric acid (1 mol.) to a solution of 4’-nitro-4-methoxy- 
diphenyl in acetic anhydride gave a quantitative yield of the 
product, m. p. 171°, which was also obtained in 50% yield by 
treating 3-nitro-4-methoxydiphenyl with warm nitric acid (d 1-42), 
its identity as 3 : 4’-dinitro-4-methoxydiphenyl thus being established 
(Found : C, 56-4; H, 3-6. C,,H,,0;N, requires C, 56-9; H, 3-7%). 

Since, under the conditions of the nitration of the product, m. p. 
50—75°, 3-nitro-4-methoxydiphenyl suffers only 25% conversion 
into 3: 4’-dinitro-4-methoxydiphenyl, it is apparent that the 
mixture, m. p. 50—75°, must contain about 25% of 4’-nitro-4- 
methoxydiphenyl. The results indicate that 4-methoxydiphenyl 
on nitration gives approximately 80% of 3-nitro-4-methoxydiphenyl 
and 15% of 4’-nitro-4-methoxydiphenyl. 

3-Nitro-4-methoxydiphenyl, obtained by boiling a solution of 
3-nitro-4-hydroxydiphenyl in xylene with potassium carbonate and 
methyl sulphate, crystallised from alcohol in small needles, m. p. 
91—92° (Found: C, 68-3; H, 4-7. C,,H,,0,N requires C, 68-1; 
H, 4:8%). 

4’. Nitro-4-methoxydiphenyl.—Small quantities of methyl sulphate 
and potassium hydroxide were added to a hot solution of 4’-nitro- 
4-hydroxydiphenyl in dilute aqueous potassium hydroxide until 
the red colour disappeared; the suspension was filtered hot. The 
precipitated 4'-nitro-4-methoxydiphenyl crystallised from alcohol 
in long, yellow needles, m. p. 111° (Found: C, 68-5; H, 4-9. 
C,3H,,0,N requires C, 68-1; H, 48%). 

3 : 5-Dinitro-4-methoxydiphenyl, obtained by boiling a solution of 
3 : 5-dinitro-4-hydroxydipheny] in xylene with potassium carbonate 
and methy] sulphate, crystallised from alcohol in silky, yellow needles, 
m. p. 137—138° (Found: C, 56-8; H, 3-7. C,,H,)0;N, requires 
C, 56:9; H, 3-7%). 

4’. Nitro-4-hydroxydiphenyl.—4'-Nitro-4-aminodipheny] (6 g.) was 
dissolved in boiling dilute hydrochloric acid (500 c.c. of 1%), the 
clear solution rapidly cooled to 10°, and sodium nitrite (2:4 g.) 
added. After standing for 1 hour with occasional shaking, the 
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solution was filtered, dilute sulphuric acid added, and the bulky 
precipitate of the diazonium sulphate decomposed by passing in 
steam. The precipitate thus obtained was filtered off and extracted 
with boiling dilute aqueous potassium hydroxide. The extract was 
acidified with hydrochloric acid and the crude nitrophenol thus 
precipitated was filtered off and boiled with alcohol (100 c.c., which 
leaves any dinitrophenol undissolved), and the filtered alcoholic 
extract was evaporated to dryness. The residue was crystallised 
from benzene; 4’-nitro-4-hydroxydiphenyl was then obtained in 
lustrous, yellow needles, m. p. 203° (yield, 60%) (Found: C, 67-3; 
H, 4-4. C,,H,O,N requires C, 67-0; H, 4:2%). 

3: 4'-Dinitro-4-hydroxydiphenyl, prepared by adding a slight 
excess of sodium nitrite to a solution of 4’-nitro-4-hydroxydiphenyl 
in warm acetic acid, crystallised from acetic acid in small needles, 
m. p. 172° (Found: C, 55-6; H,3-1. C,,H,O;N, requires C, 55-4; 
H, 31%). Further nitration gave 3:5: 4’-trinitro-4-hydroxy- 
diphenyl. The dinitro-compound reacted with p-toluenesulphonyl 
chloride in pyridine solution and gave a p-tolwenesulphonate which 
crystallised from benzene-light petroleum in star-shaped clusters 
of needles, m. p. 147—148° (Found: C, 54:7; H, 3-5; N, 6-5. 
C,,H,,0,N,S requires C, 55-1; H, 3-4; N, 6-75%). 

(3 : 5 ?)-Dibromo-4'-nitro-4-hydroxydiphenyl.—4'-Nitro-4-hydroxy- 
diphenyl (1 g.) was heated under reflux with a solution of bromine 
(2 g.) in chloroform (20 c.c.). The crystals which gradually formed 
were filtered off and when recrystallised from benzene gave small 
needles, m. p. 232—234° (Found: C, 39-0; H, 1-9. C,,.H,O,NBr, 
requires C, 38-6; H, 1-9%). 

4-p-Toluenesulphonyloxydiphenyl, prepared by the interaction of 
4-hydroxydiphenyl and p-toluenesulphonyl chloride in pyridine 
solution, crystallised from acetic acid in lustrous plates, m. p. 177° 
(Found: C, 70-5; H, 5-2. C, ,H,,0,8 requires C, 70-4; H, 4-9%). 

4-p-Toluenesulphonyloxy-4'-nitrodiphenyl_—(a) 2-5 G. of the 
preceding compound were added to a warmed mixture of nitric 
acid (d 1-5; 2-5 ¢.c.) and acetic acid (3 c.c.) and after } hour the 
clear solution was poured on to ice. The precipitated plastic mass 
was extracted with a little hot alcohol to remove impurities. The 
residue crystallised from benzene-light petroleum in compact 
needles, m. p. 156—158° (Found: C, 62-3; H, 4:3. C,gH,;0;NS 
requires C, 61-8; H,4:1%). _ 

(5) 4’-Nitro-4-hydroxydipheny] (1 g.) was warmed for 4 hours with 
a solution of p-toluenesulphonyl chloride (1 g.) in diethylaniline 
(5 c.c.). The solution was digested with hydrochloric acid and 
filtered; the residue, after crystallisation from benzene, melted at 
159°, 
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CCCCVill.—Investigations in the Diphenyl Series. 
Part IV. Halogenation of 4-Aminodiphenyl. 


By JosepH Kenyon and Percy Harry Rosinson. 


Tue divergence in the action of chlorine and of bromine on 4-acety]- 
aminodipheny] in acetic acid solution was briefly recorded in Part I 
(this vol., p. 1242). Bromine, unlike chlorine, gives rise to two 
isomerides, viz., 3- and 4’-bromo-4-acetylaminodiphenyl, which 
comprise about 50°, and 30% of the product, respectively; small 
quantities of the corresponding bromo-bases are sometimes pro- 
duced by hydrolysis. The orientation of the two principal products 
has been determined as follows : 4’-bromo-4-aminodipheny] obtained 
by hydrolysis of its acetyl derivative is identical with 4’-bromo-4- 
aminodiphenyl prepared from benzidine by the usual method; 
the 3-bromo-4-aminodipheny] similarly obtained was converted into 
3: 5-dibromo-4-aminodiphenyl, which has been described by 
Scarborough and Waters (this vol., p. 557). 

The results of the bromination of 4-acetylaminodipheny! herein 
described differ considerably from those recorded by those authors, 
who did not observe the formation of 3-bromo-4-acetylamino- 
diphenyl. 

3-Bromo-4-aminodiphenyl was the only product isolated from 
the interaction of NV-bromoacetanilide and 4-aminodiphenyl. 

3 : 5-Dibromo-4-aminodiphenyl is converted with great readiness 
into a monoacetyl and a diacetyl derivative, which melt respectively 
at 212° and 184°; it seems likely, therefore, that the acetyl deriv- 
ative of 3: 5-dibromo-4-aminodiphenyl, m. p. 162°, described by 
Scarborough and Waters is a mixture. It is somewhat remarkable 
that this base should undergo di-acetylation with great readiness, a 
property which is shared by (3: 5 ?)-dibromo-4’-nitro-4-amino- 
diphenyl. 

A striking difference in stability is shown by the N-halogeno- 
derivatives of 4-acetylaminodiphenyl, for whilst N-chloro-4-acetyl- 
aminodiphenyl and 4’: N-dichloro-4-acetylaminodiphenyl can be 
obtained pure and exhibit the normal degree of stability, 3 : N-di- 
chloro-4-acetylaminodiphenyl and N-bromo-4-acetylaminodiphenyl 
lose halogen with great readiness and cannot be obtained pure, 
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The failure to obtain the latter compound is unfortunate, as it was 
hoped that its behaviour on treatment with acetic acid might 
explain the divergence in the action of bromine and of chlorine on 
4-acetylaminodipheny] referred to above. 4’ : N-Dichloro-4-acetyl- 
aminodiphenyl in acetic acid solution undergoes transformation to 
3 : 4'-dichloro-4-acetylaminodiphenyl, which was also isolated in 
small quantity (5%) from the products of the action of hot acetic 
acid on the unstable 3 : N-dichloro-4-acetylaminodiphenyl. 

This result may be compared with the behaviour of oN-dichloro- 
acetanilide, which does not undergo complete conversion into 2 : 4- 
dichloroacetanilide even when heated in acetic acid solution at 100° 
for many hours (Chattaway and Orton, J., 1900, 77, 797). 

3 : 4’-Dichloro-4-acetylaminodipheny] was identified by conversion 
into 3:5: 4’-trichloro-4-acetylaminodiphenyl, a compound which 
has been described by Scarborough and Waters (loc. cit.). 

Only one product could be isolated from the bromination of 
4.dimethylaminodiphenyl, and from its great solubility and low 
m. p. it is presumed to be 3-bromo-4-dimethylaminodiphenyl. 

In the case of diphenyl derivatives with an ortho-para-directing 
group in position 4, it would therefore seem possible to draw the 
following conclusions: (1) Whilst migration substitution can occur 
only in the 3-position, direct substitution can take place in positions 
3 and 4’. (2) When a second ortho-para-directing substituent of 
almost equal power is present in position 3, substitution occurs in 
the 4’-position and migration substitution is inhibited. 


EXPERIMENTAL. 


3-Bromo-4-acetylaminodiphenyl.—Bromine (27-8 g.) dissolved in 
glacial acetic acid (30 c.c.) was added to a solution of 4-acetylamino- 
diphenyl (35 g.) in glacial acetic acid (400 c.c.), and the mixture 
maintained at 30—40° for an hour. The crystalline precipitate 
that separated (27 g.) was collected after some time, ground with 
dilute sodium carbonate solution, washed, dried, and well shaken 
with cold benzene (100 c.c.), in which 4’-bromo-4-acetylamino- 
dipheny] is only sparingly soluble. The filtered extract was evapor- 
ated to dryness and the residue recrystallised from alcohol; after 
removal of a further quantity of the less soluble 4’-bromo-isomeride, 
impure 3-bromo-4-acetylaminodiphenyl was obtained. The greater 
portion of this compound, however, remained in the acetic acid 
solution, from which it was obtained (29-5 g.) by precipitation with 
water. Extraction of this material, when dry, with cold benzene 
removed much of the 4’-bromo-isomeride present (more than 5%), 
but even fractional crystallisation from alcohol usually failed to raise 
the m. p. above 146°, since this procedure did not completely remove 
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the admixed 4’-bromo-4-acetylaminodiphenyl, unchanged 4-acetyl- 
aminodiphenyl! and some dibrominated material. Complete purific- 
ation of the material of m. p. 146° was effected most conveniently 
by hydrolysis: the resulting crude 3-bromo-4-aminodipheny], after 
crystallisation and reacetylation, gave the pure acetyl derivative, 
which separated from alcohol or light petroleum in long, glistening 
needles, m. p. 161° (Found: Br, 27-9. C,,H,,ONBr requires 
Br, 27-6%). 

3-Bromo-4-aminodiphenyl, obtained from its acetyl derivative by 
hydrolysis with alcoholic hydrogen chloride or 65% sulphuric acid, 
crystallised from aqueous alcohol in almost colourless, small plates, 
m. p. 66° (Found: C, 57-8; H, 4-0. C,,H, )NBr requires C, 58-0; 
H, 4:0%). When mixed with cold acetic anhydride, this substance 
dissolved at once, and almost immediately separated in the form 
of its acetyl derivative. To a solution of the free base in cold acetic 
acid, bromine (1 mol.) was added; the yellow precipitate which 
formed was washed with sodium carbonate solution and dissolved 
in alcohol, from which it separated in needles, m. p. 118°, identical 
with the 3: 5-dibromo-4-aminodiphenyl obtained by the direct 
bromination of 4-aminodipheny]l. 

4’-Bromo-4-acetylaminodiphenyl requires heating with 75%, 
sulphuric acid at 120—130° for some hours before hydrolysis is 
complete. 

3 : 5-Dibromo-4-acetylaminodiphenyl was obtained by heating a 
mixture of 3: 5-dibromo-4-aminodiphenyl (24 g.), acetic acid 
(120 c.c.), and acetic anhydride (14 c.c.) under reflux for 2 hours 
and pouring the reaction mixture into water. The dried precipitate 
was extracted with carbon tetrachloride (250 c.c.), and the residue 
(22: g.) crystallised from alcohol, from which it separated in long 
needles, m. p. 212° (Found: C, 45:5; H, 3-2. C,,H,,ONBr, 
requires C, 45-5; H, 3-0%). 

3 : 5-Dibromo-4-diacetylaminodiphenyl, obtained by the process 
described above when a higher concentration of acetic anhydride 
was used, crystallised from carbon tetrachloride in short needles, 
m. p. 184° (Found: C, 46-8; H, 3-1. C,,H,,O,NBr, requires C, 
46-7; H, 3-2%). 

(3 ?)- Bromo-4-dimethylaminodiphenyl—To 4-dimethylamino- 
diphenyl (8 g.) dissolved in acetic acid, bromine (6-5 g.), diluted with 
acetic acid, was added and after } hour the reaction mixture was 
poured into water and neutralised with ammonia. The precipitate 
was dissolved in dilute hydrochloric acid, reprecipitated with 
ammonia, and crystallised from methyl alcohol, forming lustrous 
plates, m. p. 82° (Found: C, 60-9; H, 5-2. C,,H,,NBr requires 
C, 60-8; H, 5-1%). 
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(3 : 5 2) - Dibromo-4'- nitro-4-acetylaminodiphenyl.—4’- Nitro - 4 - 
aminodiphenyl (3-5 g.) (obtained in 70—75% yield by the method of 
Willstatter, Ber., 1906, 39, 3478) was warmed with bromine (5:5 g.) 
and acetic acid (30 c.c.) for several hours, and the mixture poured 
into water. After several recrystallisations from benzene the 
product formed pale yellow needles, m. p. 184° (Found: C, 40:3; 
H, 2-5. C,,H,,0,N,Br, requires C, 40-6; H 2-4%). On boiling 
with acetic anhydride for 1 hour, this compound was converted into 
(3 : 5 %)-dibromo-4’-nitro-4-diacetylaminodiphenyl, which crystal- 
lised from acetic acid in needles, m. p. 228° (Found : C, 42-1; H, 2-7. 
C,,H,,0,N.Br, requires C, 42-1; H, 26%). The positions assigned 
to the bromine atoms could not be confirmed, as 3 : 5-dibromo-4- 
acetylaminodiphenyl, under conditions sufficiently powerful to cause 
nitration, gave a product from which only a dinitro-derivative could 
be obtained in a pure state. 

3 : 5-Dibromodinitro-4-acetylaminodiphenyl crystallised from acetic 
acid in clusters of small needles, m. p. 269—270° (Found: C, 36-9; 
H, 2-4. C,,H,O;N,Br, requires C, 36-6; H, 20%). By boiling for 
1 hour with acetic anhydride it was converted into 3 : 5-dibromo- 
dinitro-4-diacetylaminodiphenyl, which crystallised from aqueous 
acetic acid in stout needles, m. p. 140° (Found: C, 38-8; H, 2:3. 
C,,H,,0,N,Br, requires C, 38-4; H, 2-2%). 

Action of N-Bromoacetanilide on 4-Aminodiphenyl.—N-Bromo- 
acetanilide (5-3 g.; Chattaway and Orton, J., 1899, 75, 1046) was 
dissolved in chloroform and added slowly to a chloroform solution 
of 4-aminodiphenyl (4 g.); a deep red colour developed. The 
residue obtained from the solution after evaporation was hydrolysed 
with alcoholic hydrogen chloride, and the freed aniline removed by 
steam-distillation. Recrystallisation of the product yielded only 
3-bromo-4-aminodiphenyl. 

4’ : N-Dichloro-4-acetylaminodiphenyl.—Finely-divided 4'’-chloro- 
4-acetylaminodiphenyl (6-9 g.), obtained by pouring an alcoholic 
solution into water, was suspended in water (300 c.c.) containing 
potassium bicarbonate (7 g.) and mixed with sodium hypochlorite 
(excess of N/4-solution) and the whole was maintained at 60° 
for an hour. The product separated from carbon tetrachloride 
or from chloroform-light petroleum in almost colourless, small 
plates; m. p. 128°. The compound solidified just above its m. p. 
and then melted at 181° (Found: Cl, 12:4, by estimation of the 
iodine liberated from potassium” iodide. C,,H,,ONCI, requires 
Cl, 12°7%). 

3 : 4'-Dichloro-4-acetylaminodiphenyl was easily prepared by 
dissolving the chloroamine in warm acetic acid; it separated on 
cooling and crystallised from carbon tetrachloride in large, colour 
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less needles, m. p. 184° (Found: C, 59-9; H, 3-9. C,,H,,ONCI, 
requires C, 60-0; H, 3-99). It was also obtained in small quantity 
from 3-chloro-4-acetylaminodiphenyl, which, with hypochlorous 
acid, gave an unstable chloroamine. This substance, on solution 
in acetic acid, gave as the principal product of the reaction 3-chloro- 
4-acetylaminodiphenyl accompanied by less than 5% of 3:4’- 
dichloro-4-acetylaminodipheny]. 

When an acetic acid solution of the latter compound was mixed 
with an excess of sodium hypochlorite solution, 3 : 5 : 4’-trichloro-4- 
acetylaminodiphenyl (compare Scarborough and Waters, loc. cit.) 
was obtained, the view that the dichloro-4-acetylaminodipheny] is 
the 3 : 4’-isomeride thus being confirmed. 


BATTERSEA PotyTeEcunic, 8.W. Ll. [Received, October 13th, 1926.] 


CCCCIX.—Cyclic Organo-metallic Compounds. Part 
II. Tellurylium Compounds, a New Series of 
Intensely Coloured Tellurium Derivatives. The 
Migration of Anions in Solids. 


By Harry Ducatp Kertu DReEw. 


WHEN phenoxtellurine (I) is treated with nitric acid under con- 
ditions which preclude nitration of the nucleus, it becomes intensely 
bluish-violet and is then transformed to colourless phenoxtellurine 
dinitrate (II; see this vol., p. 223). Reduction of the dinitrate 
with sulphurous acid gives a similar bluish-violet, intermediate 
substance, which is ultimately transformed completely to yellow 
phenoxtellurine. Each of the following processes, therefore, gives 
rise to an intensely coloured compound : 


OY BOY 


| 
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An insight was obtained into the nature of the phenomenon 
when it was found that the intense violet colour was developed on 
merely mixing and rubbing together the dry substances (I and II) 
between glass surfaces. The action of such solvents as water, 
alcohol, ether, benzene, and chloroform discharged the colour, 
reproducing the original substances, which could be recovered and 
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recombined. A glass rod coated with a film of the violet substance 
became colourless on being plunged into ether vapour, the colour 
returning on withdrawal into the air. 

A series of nitro- and dinitro-derivatives of substance (II), of 
which 2-nitrophenozxtellurine 10 : 10-dinitrate and 2 : 8-dinitrophenox- 
tellurine 10 : 10-dinitrate are examples, was next prepared; and it 
was found that these substances produced similar violet compounds 
when combined with phenoxtellurine or with a nitro- or dinitro- 
derivative thereof, although, owing to steric or other hindrance, 
not every pair could be caused to interact (see table, p. 3066). 

It was therefore evident that the reaction between a dinitrate, 
of type similar to (II), and its reduction product, of type similar 
to (I), occasions generally the formation of an intensely coloured 
substance. The object of the subsequent investigation was to 
elucidate the mechanism of this remarkable reaction and to find 
the extent of its applicability to salts other than the dinitrates. 

The foregoing methods were inconvenient for the production 
of the coloured substances in a pure state, since the complexes 
containing nitrate groups underwent considerable decomposition 
in the most favourable solvent medium, viz., warm glacial acetic 
acid. The possibility of substituting the less oxidising bisulphate 
radical for the nitrate radical was therefore examined. 

The author had previously noted (loc. cit.) the production of an 
intensely red colour when phenoxtellurine was dissolved in con- 
centrated sulphuric acid. This reaction is accompanied by the 
evolution of sulphur dioxide, pointing to the intermediate pro- 
duction of a sulphate of phenoxtellurine. To isolate the colouring 
matter, water was cautiously mixed in small proportion with the 
red solution, and the liquid allowed to stand. There separated 
bright red crystals of diphenoztellurylium dibisulphate disulphuric 
acid trihydrate (III). On exposure on porous tile to moist air, this 
hygroscopic substance loses the attached “free” sulphuric acid, 
and becomes transformed quantitatively into an intensely violet- 
blue substance having a greenish-bronze reflex, viz., diphenox- 
tellurylium dibisulphate di- or tri-hydrate (IV), in which the con- 
ditions of drying determine the final degree of hydration. 

Similarly, when the red solution of phenoxtellurine in concen- 
trated sulphuric acid was diluted with a greater proportion of water, 
the colour changed from red to blue with eventual production of 
a violet precipitate; and the latter, when crystallised from glacial 
acetic acid, was transformed into diphenoxtellurylium hydroxy- 
bisulphate monohydrate (V), which separated in copper-coloured 
needles giving a violet-black powder. The change was evidently 
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due to the removal of part of the water followed by hydroxylation 
of one of the bisulphate radicals of the intermediate compound (IV). 
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(The dotted bonds in the above and the following formulx 
indicate polar linkings.) 

Crystallisation of the red compound (III) from glacial acetic 
acid likewise resulted in the almost quantitative production of 
compound (V), “free” sulphuric acid and water being removed, 
part of the latter then producing hydroxylation. When, however, 
compound (III) was dissolved in acetic anhydride, which would 
have the effect of permanently removing the water, it was decom- 
posed without production of (V), behaviour which confirms the 
foregoing view of the change in glacial acetic acid. 

The above changes and the additional reactions indicated in 
the following statement show that the transformation of the three 
compounds (III, IV, and V) can be carried out in either direction : 


(i) Crystallisation of (III) from glacial acetic acid containing a little conc. 

H,SO, yields (IV). 

(ii) Crystallisation of (V) from glacial acetic acid containing considerable 
conc. H,SQ, yields (III). 

(iii) The action of (I) on glacial acetic acid containing a little conc. H,SO, 
yields (IV), together with’SO,. 

(iv) The action of (I) on glacial acetic acid containing more conc. H,SO, 
yields (III), together with SO,. 


Each of the compounds (III), (IV), and (V) is decomposed into 
its constituents by an excess of water. The reaction is quantitative 
in a rough sense; and it has been shown that approximately equi- 
molecular proportions of phenoxtellurine and its (hydroxylated 
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salt are produced in each case, these substances being readily 
separable. It thus becomes clear why the gradual addition of 
water to a solution of phenoxtellurine in concentrated sulphuric 
acid changes the red colour to blue and violet and finally leaves 
only a pale yellow turbidity due to phenoxtellurine. 

Each of the nitro- and dinitro-substituted phenoxtellurines 
yields an intensely coloured violet or greenish-violet substance when 
its red solution in sulphuric acid is cautiously diluted with water. 
The same holds even in the case of 2 : 8-diaminophenoxtellurine. 

Compound (V) shows remarkable behaviour in glacial acetic acid 
solution. It is practically insoluble in the cold; but in the hot 
solvent it gives intense cherry-red solutions which become very 
pale yellow when diluted with more solvent. Solutions sufficiently 
dilute to be nearly colourless when hot develop intense cherry-red 
colorations on cooling, whilst more concentrated solutions become 
cherry-red and then deep violet-blue on cooling, owing to the 
deposition of the finely-divided solid. Compound (IV) shows 
similar behaviour. 

It will be clear that, on the foregoing hypothesis, the violet 
compounds (IV and V) result from a combination of phenoxtellurine 
and its dibisulphate or hydroxybisulphate. To confirm this view, 
it was necessary to combine these constituents directly. 

To obtain the sulphate, it was found best to prepare first phenoz- 


tellurine 10: 10-diacetate, O CoH a Te(0-CO-CH,) (VI). This 
eH, 3/2 


was readily obtained, in the form of colourless needles soluble in 
organic solvents, by the action (i) of hydrogen peroxide, or (ii) of 
sodium nitrite, upon a glacial acetic acid solution of phenoxtellurine ; 
and these reactions were found to be of general application to the 
members of the phenoxtellurine and cyclotelluropentanedione series 
of tellurides. 

The use of an excess of hydrogen peroxide occasions the pro- 
duction of phenoztellurone, an insoluble white powder (see experi- 
mental section). 

When a solution of phenoxtellurine diacetate (VI) in boiling 
water was treated with sulphuric acid, a crystalline sulphate 
separated, which, on recrystallisation from sulphuric acid, gave 
crystals whose composition depended upon the concentration of 
acid present. With the minimum of sulphuric acid necessary to 
cause precipitation, almost colourless needles of phenoxtellurine 
sulphate (VIL; or, less probably, its monomeric form) separated. 
This substance occasioned little, if any, development of colour with 
phenoxtellurine. 

From more strongly acid solutions, cream-coloured crystals were 
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obtained, approximating in composition to a complex compound 
(see experimental section) containing phenoxtellurine hydroxy- 
bisulphate (VIII). This substance (or mixture) gave considerable 
development of violet colour when rubbed with phenoxtellurine. 

When, however, the crude sulphate was dissolved in warm con- 
centrated sulphuric acid, and a relatively small proportion of water 
added, the orange solution crystallised on cooling to a mass of 
yellow plates, which, after being drained on clay in a desiccator, 
became transformed into pale yellow phenoztellurine dibisulphate 
trihydrate (IX), obtained in a pure state. 


ON <> 4 \S 
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This substance combined with tellurides to form intensely violet 
products. With phenoxtellurine, either in the dry state or in 
presence of glacial acetic acid, compound (IV) was produced; 
and, from it, compounds identical with (III) and (V) were readily 
obtained in the pure condition. 

These syntheses demonstrate the truth of the initial hypothesis. 

Phenoxtellurine dibisulphate, unlike the dinitrate and diacetate, 
is yellow. Its solution in sulphuric acid is bright yellow, or orange- 
red when hot or concentrated. For this reason, formula (X) must 
be considered as an alternative to formula (IX), or, at least, as 
representing a possible phase. In any case, phenoxtellurine dibi- 
sulphate behaves as a salt, and must be considered to possess one 
anion in the phase represented by (LX), and possibly two anions in 
that represented by (X). 

When phenoxtellurine diacetate is treated with syrupy phosphoric 
acid or with a concentrated solution of perchloric acid, salts are 
obtained which resemble the dinitrate and dibisulphate in that 
they give rise to intensely coloured tellurylium compounds (although 
of a bluer shade) when combined with tellurides. The salts are 
probably di-dihydrogen phosphates and diperchlorates, respectively. 
They and the derived tellurylium compounds are extremely sensitive 
to moisture. 


CYCLIC ORGANO-METALLIC COMPOUNDS. PART II. 3059 


Telluride salts containing nitrate, bisulphate, dihydrogen phos- 
phate, or perchlorate radicals therefore possess an anion, and, 
when this migrates from tellurium (as in X), a further anion may 
develop. The tellurium atom in these cases is satisfied with one 
polar and three non-polar bonds; but where chloride, bromide, or 
acetate radicals are present, the compounds are non-polar and do 
not give rise to coloured complexes. The tellurium atom is here 
associated with four non-polar bonds. Quadrivalent tellurium can 
thus be associated with 54 or with 56 electrons. 

When phenoxtellurine dibisulphate (IX) is treated with hot 
aqueous barium chloride, it gives 10 : 10-dichlorophenoxtellurine 
(loc. cit.), from which the dibisulphate is regenerated by warming 
with concentrated sulphuric acid. The latter reaction gives a 
further general method for the preparation of the dibisulphates of 
the phenoxtellurine series. 


Mechanism of the Development of the Coloured Complex. 


A large number of experiments have shown that a coloured 
complex of this series is developed only by the interaction of a 
telluride and a salt of the type already indicated. The author 
considers it probable that the process involves the migration of an 
anion from the salt member to the reduced (telluride) member of the 
pair of generators, accompanied by union of the two residues. 

The salt member (e.g., II) would thus become the ‘“ donor ” of 
an acid radical, the reduced member (e.g., 1) being the “ acceptor.” 
For the sake of brevity, these terms will be employed in the 
following discussion. The presence of the phenoxtellurine ring 
system in one member of this pair of generators is essential. 

Evidence has been obtained that coloured complexes of the 
type shown in (XI), in which the right-hand member may be any 
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organic telluride or sulphide, are capable of existence; but these 
substances are so readily dissociated that it has hitherto proved 
impossible to isolate any of them in a pure condition. 

Each of the coloured complexes so far obtained in a pure state 
belongs to the type (XII), in which occur two phenoxtellurine 
(or substituted phenoxtellurine) rings. 

The following table shows the types of substances capable of 
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producing coloured complexes by interaction with acceptors or 
donors of the phenoxtellurine series. 


Donors. Acceptors. 
Salts of phenoxtellurine, etc. Phenoxtellurine, etc. 
Salts of cyclotelluropentanediones.* cycloTelluropentanediones. 
Salts of diethyl sulphide (not isolated). Tellurodiacetiec acid. 


Basic tellurium nitrate or sulphate. Ditellurodiacetic acid. 
Concentrated nitric or sulphuric acid. Diethyl sulphide. 
Hydrogen sulphide. 


Sulphurous acid. 
Base metals (Fe, Cu, Na, etc.). 
1 : 2-Dihydroxybenzenes (pyrogallol). 


* The majority of the cyclotelluropentanediones can be employed only in 
the dry way, since the mixed products are decomposed by hot acetic acid 
with liberation of tellurium. Only the products from 4: 4-dialkylcyclo- 
telluropentanediones are stable to acetic acid. 

The reactions of tellurides with phenoxtellurine dibisulphate 
afford a very delicate test for the presence of these substances. 

These apparently unrelated reactions are unified by adopting 
the hypothesis that in every case of interaction between a donor 
and an acceptor there occurs an exchange of anions from the former 
for an equal number of electrons from the latter. The exchange 
is followed by the union of the two residues with production of the 
coloured complex, the extent to which this is formed being governed 
by the prevailing conditions of temperature and concentration as 
well as by the nature of the interactants. 

Substances which act as donors or acceptors but do not them- 
selves enter into the molecule of the resulting complex are inter- 
mediary suppliers or receivers of anions. They create donors or 
acceptors, respectively, of the phenoxtellurine series. 

Thus, between diethyl sulphide and phenoxtellurine dibisulphate 
there is set up the equilibrium : 


Et,S + 50 H>TeR <= Et S<So! H + TeR, 


where R represents the bivalent carbon grouping of phenoxtellurine. 
Free phenoxtellurine is therefore present in the system and unites 
with its dibisulphate to give the violet complex, which is in turn 
in equilibrium with its constituents : 
Rte TeR — TeR+ 
“$0,H SO,H” 
The two remaining possible complexes, viz., 
Rte SEt, nail Et,8 SEt,, 
“S$0,H SO,H” “$0,H SO,H-” 
are similarly in equilibrium with their constituents. Naturally, 
the tendency towards formation of some of the possible complexes 


$0 H>TeR. 
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will be small or nil and will in general be governed by the affinities 
of the active atoms (Te and § in the above case) for anions and by 
the tendency of these atoms to unite together. 

The system in dilute solution is therefore equivalent to one in 
which there are present in equilibrium only the uncharged substances 


RTe and Et,S and the ions S0,H,RTe(SO,H) and Et,8(S0,H). 

That this is so has been shown by a variety of experiments; 
e.g., (i) in the above case, phenoxtellurine dibisulphate becomes 
violet in gaseous diethyl sulphide; excess of the gas (or presence 
of liquid diethyl sulphide) changes the colour to red; the violet 
solid loses diethyl sulphide and becomes pale yellow when removed 
from the gas. Crystallisation of the violet solid from glacial acetic 
acid gives only compound (V) in small yield. If phenoxtellurine 
dibisulphate is exposed on clay to the vapour of diethyl sulphide, 
a part of it remains permanently violet, showing that a small 
proportion of Et,S(SO,H), has been absorbed by the clay, its removal 
disturbing the normal equilibrium. (ii) The combination of a pair 
R'!Te and R*Te(SO,H), gives the same result as that of the reversed 
pair, R*Te and R!Te(SO,H),. Thus 4-ethylcyclotelluropentanedione 
and phenoxtellurine dibisulphate, when combined as solids or in 
acetic acid, give the same violet complex (IV or V) as does the 
combination of 4-ethylcyclotelluropentanedione dibisulphate and 
phenoxtellurine. 

A parallel result occurs when R!Te and R?Te represent two 
different members of the phenoxtellurine series. (iii) The behaviour 
in glacial acetic acid solution of compound (IV) precisely corre- 
sponds with the scheme : 


RTe TeR, dilute or hot 
“$0,H SO0,H” “cone, or cold 


(solution deep cherry-red) (solution pale yellow) 


SO,H- 


{Te + SO,H _TeR. 


The colour of hot dilute solutions is of the same order of intensity 
as that of phenoxtellurine alone. 

Moreover, when the analogous compound (XIII) is similarly 
treated, hot dilute solutions show the much enhanced yellow 
colour due to free 2-nitrophenoxtellurine. 
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(iv) When a subsidiary reaction can occur to disturb the equilibrium, 
there is the expected quantitative production of a violet complex. 
Thus, gaseous or dissolved hydrogen sulphide almost completely 
converts phenoxtellurine dibisulphate into a violet complex (IV 
or V), because the intermediate compound H,S(SO,H), changes 
rapidly to sulphur and sulphuric acid. Diethyl sulphide, however, 
has no permanent action, because the corresponding compound 
Et,S(SO,H), cannot undergo such a change. Similarly, liquid or 
gaseous sulphur dioxide has no action upon phenoxtellurine dibi- 
sulphate, but the addition of water causes conversion into the 
violet complex. The compound S8O,(S0,H), is stable; while the 
hydrated substance, SO(OH),(SO,H),, undergoes change to sulphur 
trioxide and sulphuric acid. It is not suggested that compounds 
such as SO,(SO,H), are present in more than a minute proportion. 
The smallest proportion would suffice were the compound immedi- 
ately removed by a subsidiary reaction. 

The reverse phenomenon is seen in the action of sulphuric and 
nitric acids upon phenoxtellurine. The acids supply anions to 
tellurium in exchange for electrons, leaving nascent (uncharged) 
hydrogen, which is removed by its subsidiary reducing action upon 
the excess of acid. 

Reducing agents are thus pictured as those which can supply 
electrons and receive anions, oxidising agents receiving electrons 
and supplying anions. (Compare the oxidising action of nitrous 
acid upon phenoxtellurine, see p. 3057, in which hyponitrous acid 
or nitric oxide is doubtless formed.) 

Some of the phenomena seem to suggest that acceptors in solution 
are to some extent separated from their unshared valency electrons 
(extra-valency electrons). 

It is suggested that basic tellurium nitrate, which is known 
to have the empirical formula 2TeO,,HNO,, -has the structure 


OTe<E>Te< NG , and that the donor prepared by the author 
3 


from tellurium tetrachloride and concentrated sulphuric acid is the 
analogous bisulphate or dibisulphate. 

In the case of o-dihydroxybenzenes (pyrogallol), the oxygen 
atoms probably receive the anions, which are immediately removed 
by a subsidiary reaction, such as the formation of 0-quinones and 
sulphuric acid. 

Colour Development with Metals. 

On rubbing phenoxtellurine dibisulphate (IX) upon porous tile 
with a steel knife, a surprising development of intense violet colour 
was noted. The same action occurred with all the other base 
metals tried (Na, Al, Fe, Ni, Cu, Zn, Sn, As, Sb), used either in 
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the form of polished strips or as powder, but no effect was pro- 
duced with the noble metals (Ag, Pt, Au, and also Hg); sulphur 
and tellurium were also devoid of action. The reaction can there- 
fore be used to distinguish base from noble metals. 

The members of the phenoxtellurine dinitrate series behave 
generally in the same manner, but the corresponding salts of those 
tellurides which do not contain a phenoxtellurine ring produce no 
colorations with the metals. 

The base metals exhibit selective action towards different anions. 
Iron, for example, produces a coloration with both dinitrate and 
dibisulphate of phenoxtellurine; copper or nickel, only with the 
latter salt. These reactions therefore afford a rough indication of 
the relative attractions of different metals for certain anions. 

The base metals do not enter into the molecule of the violet 
substances which they produce in this manner. The action of the 
metallic particles is to remove anions, in exchange for electrons, 
from the salt molecules, forming free phenoxtellurine, which then 
combines with unchanged salt to produce substances (IV) and (V). 
Salts of the metals are thus present in equilibrium with the violet 
tellurium compounds, and in the case of the dibisulphate the 
balance is controlled by the proportion of water present. This is 
rendered visible in the action of iron upon phenoxtellurine dibi- 
sulphate, for the violet mixture becomes red when dried on clay 
in a desiccator, but the violet colour is restored on exposure to 
moist air. In this alternation, which can be repeated indefinitely, 
the red stage denotes the presence of compound (III), and the 
violet that of compound (IV) or (V). The hydrated iron sulphate 
or basic sulphate present must therefore have a greater affinity 
for sulphuric acid than the corresponding anhydrous iron salt, the 
affinity of compound (IV) for sulphuric acid being intermediate 
between these two values. When nickel is substituted for iron, 
reversibility is no longer manifest, the violet stage being permanent. 

The above view of the action of base metals upon the salts of 
phenoxtellurine is supported by the fact that the violet mixtures 
produced by the action of such metals are decomposed by water 
with liberation of ‘free ” phenoxtellurine, which is obtained in a 
pure state by extraction with ether. 


Pairs containing Mixed Nuclei. 


A preliminary study has been made of the action between phenox- 
tellurine dibisulphate and 2-nitrophenoxtellurine. The violet-blue 
product, when crystallised from glacial acetic acid, was found to 
be a mixture of the complex derived from 2-nitrophenoxtellurine 
with the salt of phenoxtellurine, together with a much smaller 
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proportion of the complex derived from phenoxtellurine and its 
salt. 2-Nitrophenoxtellurine did not occur as a donor, two of the 
possible four coloured complexes being thus eliminated. The 
reversed pair (2-nitrophenoxtellurine dibisulphate and phenox- 
tellurine) gave an exactly similar product. 

The tellurium atom in phenoxtellurine has thus a much greater 
affinity for bisulphate radicals than has that in 2-nitrophenox- 
tellurine. 

This behaviour affords a means of pitting, as it were, two differ- 
ently combined tellurium atoms against one another in contest for a 
series of anions, and enables, for example, the effect of different 
ring substituents upon the electropositiveness of the tellurium 
atom in phenoxtellurine to be assessed. 

The method of examining a coloured complex consists in treating 
it with water, when the acceptor is set free and can be extracted 
by ether; the residual salt can then be reduced by adding potassium 
bisulphite, and the nucleus of the donor again extracted by ether. 
The products are insoluble in water, so that fresh equilibria cannot 
presumably be set up. 

The addition of a molecular proportion of phenoxtellurine 
dibisulphate, which is insoluble in ether, to 2: 4-diethylcyclo- 
telluropentanedione dissolved in ether led to the precipitation of 
blue complexes and the rapid removal of the cyclotelluropentane- 
dione from solution, its place being supplied by free phenoxtellurine. 
The tellurium atom of this cyclotelluropentanedione has therefore a 
much greater affinity for bisulphate radicals than has that of 
phenoxtellurine. 

These methods should yield results of value in the study of the 
polarity of groups. 

Colour production among the tellurylium compounds is ascribed 
to the occurrence of the structure (XIV), in which A, and A, 


MK ©, Tote C oA ree Ae » 


(XIV.) A, (XV.) 


asit ‘a aut 
IK (XVI.) 
* rr 


represent HSO,, ClO,, NO,, H,PO,, or OH radicals; but it should 
be pointed out that structures (XV) and (XVI) are possible altern- 
atives. Again, tellurium might conceivably be joined to “ oxon- 
ium ” oxygen, or the two oxygen atoms might be united. These 
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formule, however, do not reflect so well as (XIV) the fact that the 
presence of the phenoxtellurine ring is essential, such substances as 
diphenyl] ether yielding no coloured complexes. 

The reason why A, and A, cannot represent Cl, Br, or CH,*CO°O 
is probably the very small tendency of these radicals to ionise when 
united with tellurium. The tendency nevertheless exists, for 
reduction is possible in these instances when a subsidiary reaction 
can occur. 

It is noteworthy that each of the mobile acid radicals possesses 
doubly-bonded oxygen. The nitrate ion appears to be mobile even 
in reaction between dry solids (phenoxtellurine and its anhydrous 
dinitrate). 

Phenothioxin, which gives an intensely violet solution in con- 
centrated sulphuric acid, probably forms a series of coloured salts, 
and it is hoped to apply to that problem the experimental methods 
developed in the present paper. The foregoing principles have also 
possible application in many other directions. The author desires 
to reserve for the present the study of this subject. 


ExPERIMENTAL. 


Phenoxtellurine 10 : 10-dinitrate (II), large, colourless needles or 
glistening plates, m. p. 258° (efferv.), was prepared by crystallising 
phenoxtellurine (1 g.) from nitric acid (105 c.c., made by diluting 
2 vols. of the concentrated acid with 1 vol. of water). It is stable 
in moist air, but is slowly hydroxylated by water (Found: C, 
34-4; * H, 2-0.* C,,H,O,N,Te requires C, 34:3; H, 1-9%). 

The following were similarly prepared from the nitro-derivatives 
of phenoxtellurine : 

2-Nitrophenoxtellurine 10 : 10-dinitrate formed minute, colourless 
needles, m. p. 196—197° (efferv.), from dilute nitric acid and was 
slowly decomposed by moist air (Found: N, 8-2.* C,,H,O,N;Te 
requires N, 9-1%). 

2 : 8-Dinitrophenoxtellurine 10 : 10-dinitrate crystallised from con- 
centrated nitric acid in large, colourless, serrated needles, m. p. 
259° (efferv.). It was slowly decomposed by moist air (Found : 
N, 10-0.* C,,H,0O,,N,Te requires N, 11-0%). 

When a 4-nitro-group was present in the phenoxtellurine ring, 
basic nitrates appeared to be produced, for which the following 
constitutions are conjectured : 

4-Nitro-10-hydroxyphenoztellurine 10-nitrate monohydrate crystal- 
lised from dilute nitric acid in minute, white rods, m. p. 243° (de- 
comp.) (Found: N, 6-3.* C,,H,,O,N,Te requires N, 6-4%). 

4 >8-Dinitro-10-hydroxyphenoztellurine 10-nitrate monohydrate 


* Indicates a figure obtained by micro-analysis. 
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separated from concentrated nitric acid in small, white needles, which 
decomposed violently at 237—239° (Found: C, 30-4*; H, 1-9*; 
N, 8-9,* 9-1,* 9:2.* C,,H,O,)N;Te requires C, 29-9; H, 1:9; N, 
8-7%). 

Reduction of the above nitrates and basic nitrates showed that 
further nitration of the nucleus had not occurred during the treat- 
ment with nitric acid. 

Note.—The micro-Dumas method of analysis for nitrogen, which 
was employed to obtain the above figures, appears to give results 
which are only approximate for tellurium compounds containing 
nitrate groups. The results are recorded, therefore, merely for 
reference. The method is accurate when applied to tellurium 
compounds containing the whole of the nitrogen in the form of 
nitro-groups. 

The nitrates were unaffected by liquid sulphur dioxide, but the 
addition of a trace of water to the mixture caused in several cases 
the instant development of a violet colour, which changed to the 
yellow or orange of the reduction product on the addition of more 
water. The permanence and intensity of the violet coloration 
varied among different members of the series. 

The following phenomena were noted on rubbing together between 
glass surfaces the substances indicated : 


Donor (in form of nitrate Colour 
Acceptor. or basic nitrate). produced. 
Phenoxtellurine. Phenoxtellurine. Intense violet. 
2-Nitrophenoxtellurine. Phenoxtellurine. os - 
Phenoxtellurine. 2 : 8-Dinitrophenoxtellurine. Feeble violet. 
2-Nitrophenoxtellurine. 2-Nitrophenoxtellurine. Rather feeble 
violet. 

2 : 8-Dinitrophenoxtellurine. Phenoxtellurine. None. 
2: 8-Dinitrophenoxtellurine. 2: 8-Dinitrophenoxtellurine. None. 
Phenoxtellurine. 4; 8-Dinitrophenoxtellurine. Intense violet. 
4: 8-Dinitrophenoxtellurine. 4: 8-Dinitrophenoxtellurine. None. 


These results clearly indicate the inhibitory effect. of an accumu- 
lation of nitro-groups upon the ease of development of the coloured 
compounds, especially when the nitro-groups are in the 2- and 
8-positions (7.e., meta- to the tellurium atom). That this effect 
is due less to a depression of mobility of the nitrate ion than to a 
depression of receptiveness in the tellurium atom of the acceptor 
is shown by the fact that the effect is greater when the nitro-groups 
are in the acceptor than when they are in the donor of the same 
pair. In other words, the presence of nitro-groups in the acceptor 
depresses the mobility of the electron available for exchange. 

Diphenoxtellurylium dibisulphate disulphuric acid trihydrate (III) 
was prepared by the following methods: (1) Action of sulphuric 


* Indicates a figure obtained by micro-analysis. 
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acid on phenoxtellurine. Phenoxtellurine (6 g.) was dissolved in 
concentrated sulphuric acid (40 c.c.), and the intensely red solution 
kept for + hour, sulphur dioxide escaping. The liquid was then 
cooled in ice and salt, and water (25 c.c.) gradually stirred in. 
After about an hour, the red crystals were filtered-off through 
sintered glass and kept on porous tile in a desiccator. The same 
substance was produced when 1-1 g. of phenoxtellurine was treated 
with 15 c.c. of concentrated sulphuric acid and 10 c.c. of water. 
The yield is about 94% of the theoretical [Found : C, 27-5; H, 2-9; 
O, 32-5 (by diff.); 8, 12-6; Te, 24-5. C,,H,.0,,8,Te, requires 
C, 27:8; H, 2-7; O, 32-5; 8, 12-4; Te, 24.6%]. The red crystals 
were hygroscopic, becoming moist with sulphuric acid and gaining 
about 30% of their weight of water when exposed to air for several 
days in a glass dish. When exposed on clay, the substance lost 
sulphuric acid and was transformed quantitatively into the greenish- 
violet compound (IV). Gaseous ammonia occasioned a similar 
change. When the red crystals (0-544 g.) were treated with cold 
water (15 c.c.), decomposition ensued and phenoxtellurine (0-13 g.; 
calc., 0-155 g.) became extractable by ether. The residue, after 
reduction by aqueous potassium bisulphite, gave a further mole- 
cular proportion of phenoxtellurine (0-155 g.; calc., 0-155 g.). The 
red crystals had no definite melting point, becoming slowly blue- 
black near 100° and decomposing indefinitely near 165° to a black 
mass which became violet above about 235° but did not melt. 

(2) Phenoxtellurine was dissolved in glacial acetic acid, and a 
considerable proportion of concentrated sulphuric acid containing 
a little water added ; the red crystals separated on keeping. 

(3) When either of the violet substances (IV and V) was treated 
with sulphuric acid containing a little water, or with acetic-sulphuric 
acid, the red crystals were produced, provided the concentration 
of sulphuric acid was sufficiently high. 

(4) The same result was obtained by mixing phenoxtellurine and 
its hydrated dibisulphate (IX) in glacial acetic acid and adding a 
little concentrated sulphuric acid. 

Diphenoxtellurylium hydroxybisulphate monohydrate (V) was pre- 
pared (1) by dissolving phenoxtellurine in warm glacial acetic acid 
and adding a few drops of concentrated sulphuric acid, the intensely 
coloured solution crystallising on cooling; (2) by crystallising the 
red substance (III) or the greenish-violet substance (IV) several 
times from glacial acetic acid, with filtration through sintered glass, 
if necessary ; (3) by warming together, in glacial acetic acid, phenox- 
tellurine and its hydrated dibisulphate (IX) and recrystallising the 
product from glacial acetic acid; (4) by dissolving phenoxtellurine 
in concentrated sulphuric acid, cautiously stirring in water until 

5M 
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the solution began to deposit a blue precipitate, allowing it to stand, 
and then collecting the precipitate and crystallising it from glacial 
acetic acid; (5) by grinding together phenoxtellurine and its 
hydroxybisulphate or dibisulphate and recrystallising the product 
from glacial‘acetic acid. 

The product forms copper-coloured flakes or rosettes of needles 
giving a violet-black powder. It has no definite melting point, 
losing colour gradually at 205—245° and forming phenoxtellurine 
and a whitish solid which is unmelted at 300°. Heated at 100° in 
a vacuum, it does not lose its molecule of combined water. The 
change on heating represents a decomposition into phenoxtellurine 
and its hydroxybisulphate, since partial redevelopment of violet 
colour occurs on cooling and grinding the whitish mixture. 

The compound is decomposed only slowly by ether and other 
organic solvents (contrast the similar substances containing nitrate 
radicals, which are decomposed much more rapidly), but it is 
quickly disrupted by cold water; e.g., 0-404 g., on being shaken 
with 10 c.c. of water, generated a molecular proportion of free 
phenoxtellurine (0-186 g.; calc., 0-166 g.), which was extractable 
by ether [Found: C, 39-7, 39-6, 39-6; H, 2-6, 2-5, 2:9; O, 17-5 
(by diff., in a single sample); S, 40,49; Te, 35-1. C,,H,,0,STe, 
requires C, 39-8; H, 2-8; O, 17-7; 8, 4-4; Te, 35-25%]. 

When pure, the substance gives in hot glacial acetic acid a clear 
solution which is colourless when dilute and intensely cherry-red 
when concentrated. Cold solutions are much more coloured than 
hot solutions of the same concentration. Solutions in glacial 
acetic acid immediately reduce anhydrous ferric chloride. The 
compound dissolves in syrupy phosphoric acid to an intensely blue 
solution. 

Diphenoxtellurylium dibisulphate di- or tri-hydrate (IV) is best 
prepared by leaving the powdered red substance (III) on porous 
tile in moist air for a few days, with occasional turning. A deep 
bluish-black, stable, crystalline powder, with greenish reflex, 
remains. It may also be prepared by any of the methods indicated 
for the hydroxy-compound (V), if the product be crystallised finally 
from glacial acetic acid containing a little concentrated sulphuric 
acid (too great a proportion of sulphuric acid leads to the pro- 
duction of III). Two different samples were prepared by the first 
method, one being apparently a di- and the other a tri-hydrate ; 
the difference is probably due to a slight variation in the con- 
ditions during drying [Found, for sample prepared by transforming 
V to III and then exposing this to air and finally drying it on clay 
in a desiccator during 2 days: C, 34:5; H, 2-9. C,,H,,0,,8,Te, 
(the trihydrate) requires C, 34:35; H, 2-85%. Found, for sample 
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prepared by crystallising III from glacial acetic acid containing 
4% by volume of concentrated sulphuric acid, and then exposing 
the product on clay and finally drying it in a vacuum over sulphuric 
acid during 12 hours: C, 35-3; H, 2:8; O, 22-9 (by diff.); 8, 7-3; 
Te, 31:7. C,,H».0,.S,Te, (the dihydrate) requires C, 35-1; H, 2-7; 
O, 23:3; S, 7-8; Te, 31-05%]. The dihydrate seemed slowly to 
absorb moisture when exposed to the air. Both the di- and the 
tri-hydrate were decomposed by cold water, first into sulphuric 
acid and compound (V), and finally into phenoxtellurine and its 
basic bisulphate. 

Phenoxtellurine 10: 10-Diacetate (VI).—A solution of phenox- 
tellurine in hot glacial acetic acid was allowed to cool and then 
aqueous hydrogen peroxide was stirred in drop by drop until the 
yellow colour of the solution was discharged. The solution was 
heated to boiling and treated with sufficient water to produce a 
faint turbidity; the diacetate slowly separated in long, colourless 
needles. ‘Concentration of the mother-liquor gave a further crop, 
the total yield being more than 90% of the theoretical. The 
substance is soluble in hot water with hydrolysis, sparingly soluble 
in ether or petroleum, and easily soluble in hot benzene, from 
which it crystallises readily. It gave no coloration when ground 
with phenoxtellurine or with metals (Found: C, 46-5; H, 3-4. 
C,,H,,0,;Te requires C, 46-4; H, 3-4%). The diacetate melts with 
effervescence at 205—207°. It is readily reduced to phenoxtellurine 
by aqueous alkali bisulphites. 


Phenoxtellurone, o<Getls>Te0,.—When phenoxtellurine is dis- 
ett, 


solved in acetone and treated with an excess of 30% aqueous 
hydrogen peroxide, a white, amorphous precipitate is thrown down. 
The same result occurs if an excess of hydrogen peroxide be used 
in the preparation of phenoxtellurine diacetate. The substance, 
which is insoluble in water or acetone but soluble in hot glacial 
acetic acid, is reduced to the tellurous state by concentrated 
sulphuric or hydrochloric acid, oxygen or chlorine being evolved 
with production of a salt of phenoxtellurine. Hydriodic acid pro- 
motes a similar reduction, with liberation of iodine. The product 
is insoluble in dilute mineral acids but is soluble in aqueous caustic 
alkali. After heating in a vacuum at 110° during an hour, it had 
the composition of the half-anhydride of the semi-ortho-form of 


the tellurone, viz. O<C+H«>Te(0)(OH)-0-(OH)(O)Te<G*y4>O 
6tt4 6tt4 

(Found : C, 42-5; H,2-7. C,,H,,0,Te, requires C, 42-8; H, 2-7%). 

Sulphates of Phenozxtellurine—Phenoxtellurine 10 : 10-diacetate 


(7-1 g.) was heated with 300 c.c. of water, nearly all dissolving. 
5mM2 
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To the hot solution was added a mixture of 100 c.c. of water and 
100 c.c. of concentrated sulphuric acid, and the whole was heated 
to the boiling point. The clear solution obtained, on cooling, gave 
6-5 g. of cream-coloured crystals. 

Portions of this substance were then crystallised from sulphuric 
acid of various concentrations, and the products examined : 
(i) The material was dissolved in a large volume of boiling water, 
and to the cold solution a minimum of sulphuric acid was added 
to effect separation of crystals. The liquid slowly deposited 
phenoxtellurine sulphate (VII) in thin, almost colourless, very 
refractive needles, which became slightly cream-coloured on drying 
on clay in a vacuum during a day (Found: C, 36-5, 36-7; H, 2-4, 
2-5. C,,H,,0495,Te, requires C, 36-8; H, 2-05%). This substance 
developed only a trace of colour when ground with phenoxtellurine. 

(ii) The material was dissolved in a boiling mixture of 1 vol. of 
concentrated sulphuric acid and 1-22 vols. of water. Voluminous 
cream-coloured flakes separated, and these, after being drained on 
clay and then heated during 5 hours at about 115° in a vacuum 
(loss = 2-4%), gave analytical figures which corresponded with a 
mixture or compound containing two molecular proportions of 
phenoxtellurine hydroxybisulphate (VIII) and one of phenox- 
tellurine dibisulphate, together with a molecule of water [Found : 
C, 32-3, 32-35; H, 2-6, 2-6; O, 26-5 (by diff.); S, 9-4; Te, 29-1. 
C3gH3.0..8,Te, requires C, 32-55; H, 2-4; O, 26:5; S, 9-65; Te, 
28-8%]. The substance gave a violet colour when ground with 
phenoxtellurine. Its solution in concentrated sulphuric acid was 
orange-red. 

(iii) When the material was dissolved, with gentle warming, in 
concentrated sulphuric acid (1-7 g. to 10 c.c. of acid) and the clear 
orange-red solution treated with the minimum of water (about 
1 c.c.) sufficing to cause slow separation of crystals, bright yellow, 
glistening plates were obtained. When filtered off rapidly through 
sintered glass and drained on clay in a vacuum, the crystals changed 
to a creamy-yellow powder of phenoztellurine dibisulphate trihydrate 
(IX) [Found: C, 26-4; H, 3-0; O, 34-5 (by diff.); S, 12-2; Te, 
23-9. C,.H,,0;.S.Te requires C, 26-5; H, 2-9; O, 35:3; S, 11-8; 
Te, 23-59%]. The substance gave an intense violet coloration with 
phenoxtellurine and other tellurides, or with iron and other base 
metals. Its solution in sulphuric acid became intensely red-brown 
on addition of hydrogen peroxide. 

Each of the above sulphates of phenoxtellurine, when reduced 
by alkali bisulphite, gave phenoxtellurine as the sole organic 
product, showing that in no case had nuclear sulphonation occurred. 

Note on the Analysis of Aromatic Tellurium Compounds containing 
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Sulphur.—It was found necessary, in determining sulphur and 
tellurium in the same sample, to adopt the following procedure : 
The sample was heated with fuming nitric acid during 24 hours at 
250—280° in a Carius tube, the contents of the tube dissolved in 
about 100 c.c. of concentrated hydrochloric acid, and the solution 
evaporated to a few c.c. on the water-bath. The residue was taken 
up in dilute hydrochloric acid (about 200 c.c.), with filtration from 
traces of glass or silica if necessary. Sulphur was estimated by 
digestion during 12 hours with a slight excess of barium chloride. 
The liquid (filtrate from barium sulphate) was then freed from 
excess of barium by digesting it similarly with a slight excess of 
sulphuric acid and evaporated completely on the water-bath, and 
tellurium was estimated in the residue by the usual method. 


UNIVERSITY OF BIRMINGHAM, 
EDGBASTON. [Received, September 14th, 1926.] 


CCCCX.—Preparation of cis-o-Carboxycyclohexaneacetic 
Acid. 


By Greorcr ARMAND Ropert Kon and MuHAMMAD 
QUDRAT-I-KHUDA. 


cis-o-CARBOXYcycloHEXANEACETIC acid was first obtained by Windaus, 
Hiickel, and Reverey (Ber., 1923, 56, 91), by a somewhat laborious 
method, as a mixture of cis- and trans-forms not easy to separate. 
This difficulty was partly overcome by Dutt (unpublished work), 
who obtained the pure trans-form by condensing ethyl A1-cyclo- 
hexenecarboxylate with ethyl cyanoacetate and hydrolysing the 
product. A method for the preparation of the pure cis-form has 
now been devised. 

cycloHexenyl methyl ketone (I) readily condenses with ethyl 
sodiomalonate (compare Kon, this vol., p. 1792), giving ethyl 
1 : 3-diketodecahydronaphthalene-4-carboxylate (II). This ester, on 
alkaline hydrolysis, passes into the diketone (III), which is in 


CH, [ CH, CH, CO 
fi, Yc ‘OM Ay H-COM cH, UH OH 
° © i 2 
ba: Gu | | Gut oacH< Cont) CH, CH Co 
NY K Wi La alee 
CH, ae CH, CH-CO,Et 
(I.) (II.) 


every way analogous to dimethyldihydroresorcinol and other well- 
known compounds of the same series. It is readily oxidised by alka- 
line hypobromite with formation of cis-o-carboxycyclohexaneacetic 
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acid (IV), whereas the action of permanganate gives trans-cyclo- 
hexane-1 : 2-dicarboxylic acid. 


CH, 00 CH, 
oft OH, (fs Yoon 


—> 
CH, CH CO CH, CH-CH,-CO,H 


Nel Ng” 
CH, CH, CH, 
(III.) (IV.) 
The yields are good throughout, although some difficulty is 


experienced in the preparation of cyclohexenyl methyl ketone by 
Darzens’s method (Compt. rend., 1910, 150, 707). 


EXPERIMENTAL. 


cycloHexeny] methyl ketone was prepared by the action of acetyl 
chloride on cyclohexene in the presence of tin tetrachloride (Darzens, 
loc. cit.); the yield of ketone did not exceed 40% owing to the 
formation of resinous by-products. 

The ketone (49 c.c.) was added to ethyl sodiomalonate, prepared 
from 64 c.c. of the ester and 10 g. of sodium in 140 c.c. of alcohol, 
and the mixture was heated on the steam-bath for 4 hours and kept 
over-night. Water was then added, neutral impurities removed 
with ether, the solution strongly acidified, and the precipitated oil 
taken up in ether. On removing the solvent, an oil was obtained 
which gradually solidified and crystallised well from ether—petroleum 
in needles, m. p. 114°, consisting of the ester (II). The yield was 
80 g. or 60% (Found: C, 65-5; H, 7-6. C,,;H,,.0, requires C, 
65-5; H, 7-6%). The compound is readily soluble in the usual 
organic solvents except petroleum and has the usual properties of 
compounds of this class; with ferric chloride it gives a brown colour 
which becomes redder and more intense on standing. 

The keto-ester was hydrolysed with boiling aqueous barium 
hydroxide, but the product was liquid, probably owing to partial 
ring fission. With alcoholic potassium hydroxide the hydrolysis 
proceeded smoothly. The ester (24 g.) was heated over-night with 
170 c.c. of 20% alcoholic alkali and the solution was diluted, ex- 
tracted with ether, and acidified. On extraction with ether, an oil 
was obtained which gradually solidified; it was boiled with water, 
to which a little mineral acid had been added, to complete the 
removal of carbon dioxide. The diketone (III) crystallised as a yellow 
solid on cooling and formed needles, m. p. 142°, from dilute alcohol 
(yield, 60%) (Found: C, 71-9; H, 8-3. C, 9H,,0, requires C, 72-2; 
H, 8-4%). With ferric chloride, it gives a brown coloration. 
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The diketone (III) (4 g.), dissolved in 10 c.c. of ice-cold 10% 
sodium hydroxide solution, was gradually added with shaking to 
an ice-cold hypobromite solution prepared from 6 g. of bromine 
neutralised with 10% aqueous sodium hydroxide (200 c.c.) and kept 
for ? hour. The precipitated bromoform was extracted with ether, 
the excess of bromine destroyed with sulphur dioxide, and the 
solution acidified with sulphuric acid and extracted with ether. The 
crude acid obtained, after several crystallisations from water, 
melted at 146—147° and was shown to consist of pure cis-o-carboxy- 
cyclohexaneacetic acid by the ready formation of the anhydride, 
m. p. 57°, on treatment with acetyl chloride (Found: C, 58-0; 
H, 7:4. Cale.: C, 58:1; H, 7-5%. Found in the disilver salt : 
Ag, 53-9. Cale.: Ag, 53-9%). 

No trans-acid was isolated from the mother-liquors from the 
crystallisation of the cis-acid, although small quantities may have 
been present. 

The diketone (4 g.), dissolved in 10 c.c. of 10% aqueous sodium 
hydroxide, was added to 260 c.c. of 5°%% potassium permanganate 
solution. After 48 hours, the excess of this reagent was destroyed 
with sulphur dioxide and the solution was acidified with sulphuric 
acid and extracted with ether. The extract on evaporation gave 
trans-cyclohexane-1 : 2-dicarboxylic acid, m. p. 222° after recrystal- 
lisation from water (Found: C, 55-6; H, 7-0. Cale.: C, 55:8; 
H,7:0%. Found in the disilver salt : Ag, 55-6. Cale.: Ag, 55-8%). 

IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 

Lonpon, 8.W. 7. [Received, September 30th, 1926.] 


CCCCXI.—Co-ordinated Mercaptides. 


By Aan Mactean Drummonp and Davip TEMPLETON GIBSON. 


Many investigations have been undertaken to determine which of 
the formule R:SO,SR (I) and R*SO-SO-R (II) better represents 
the reactions of disulphoxides. Hilditch (J., 1910, 97, 1091), who 
examined the rotations of camphor disulphoxide and related sub- 
stances, supported (II), whereas the recent work of Smiles (J., 1924, 
125, 176; 1925, 127, 224) is decidedly in favour of (I). 

Our original aim was to prepare d-camphory] /-camphory] disulph- 
oxide, for according as this substance is (I) or (II) it should be 


(d)C,,H,,0-SAg + Cl-SO,°C,,H,;0(J) = AgCl + 
(d)C,5H,,0°S‘SO,°C,,H,;O(l) or (d)C,,H,,0-SO-SO-C,,H,,0(l) 


optically active or internally compensated; but all our attempts 
were unsuccessful. We eventually traced the failure to the fact 
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that the silver derivative of thioleamphor is not a normal mercaptide, 
but has the composition C,,H,,0‘SAg,AgNO,,H,O (A); and only 
one-half of the silver is ionised in aqueous alcohol. It is readily 
soluble in benzene containing thioleamphor and from the resulting 
orange-red solution a yellow solid was obtained in which one-third 
of the silver is ionisable. 
3C,)H,,0°SAg,AgNO,,H,O + C,,H,,O'SH = 
2(C,)H,,O°SAg).,AgNO,,H,O + HNO, + H,0. 


The substance depressed the freezing point of benzene so slightly 
that it was thought desirable to test the solution for colloidality ; 
but neither Tyndall cone nor Brownian movement was observed 
and a solution in benzene diffused rapidly through parchment. 
The nickel derivative (B),(C,)H,;0°S),Ni,C,9H,;0°SH, is a mahogany 
coloured powder, very soluble in benzene. 

These remarkable properties—non-ionisable character, solubility 
in anhydrous organic solvents, anomalous colour, and, in certain 
cases, stability on heating—support the view that the metallic 
atom is combined, not only with the sulphur atom of the thiol- 
camphor complex (III) by a principal valency, but also with the 
carbonyl group by residual affinity (compare the acetylacetone 
derivatives; Morgan and Moss, J., 1914, 105, 189). 

Recent work on the constitution of Reychler’s acid (Wedekind, 
Schenk, and Stiisser, Ber., 1923, 56, 633; Burgess and Lowry, J., 
1925, 127, 271) indicates that thioleamphor is probably a £-thiol 
ketone. The co-ordinated ring structure of thioleamphor derivatives, 
therefore, is six-membered, as with the 6£-diketones, nitroso-- 
naphthol, etc., discussed by Sidgwick and Callow (J., 1924, 125, 
533). The new compounds differ from these in not having con- 
jugated double bonds. 


CH,—CH—CH, OMe Ont 
(Me, | CH,—C—0 C=O.) 

CH,—C—C—9 , | CH.Z Ni 
¢H,—S—M CH,—S—M! “"\s--k 


(IIT.) (IV.) (V.) 


We have also examined methyl 8-thiolpropionate, as it is the 
simplest compound containing the group we consider responsible 
for the abnormal behaviour of thioleamphor derivatives. Its 
metallic derivatives (see 1V) show similar abnormalities. The 
silver compound (C), AgS:C,H,0,,AgNO,,H,O, is, however, only 
sparingly soluble in a solution of the parent ester. The nickel 
derivatives of methyl 8-thiolpropionate and of ethyl thiolacetate 
(V) are brown and crystalline and are very soluble in benzene, 
but, unlike (B), they do not contain an extra molecule of the mer- 
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captan. The five-membered ring compound seems to be more stable 
than the six-membered ones, for, whereas the other nickel compounds 
soften gradually on heating, (V) melts sharply without decomposi- 
tion like Sidgwick and Plant’s co-ordination compounds of the alkali 
metals (J., 1925, 127, 209). 

The metallic derivatives of hydroxymethylenecamphor prepared 
by Lifschitz (Rec. trav. chim., 1922, 41, 627) are probably similar 
in constitution to the preceding. On the other hand, nickel f-thiol- 
propionate is similar to the previous compounds only in colour, 
and nickel thiolacetate is dirty green. 

These experiments were rendered possible by the discovery that 
Lowry and Donington’s original method (J., 1903, 83, 480) for 
preparing thiolcamphor from the sulphony] chloride is very materially 
improved by first reducing the chloride to the sulphinic acid and then 
reducing this to the mercaptan. 


EXPERIMENTAL. 


Thiolcamphor.—Camphorsulphonyl chloride was reduced to the 
sulphinic acid in the way described by Hilditch (J., 1910, 97, 
1096) except that no acetone was used as solvent. The oily sulphinic 
acid (12 g.) was added cautiously to a vigorously boiling mixture of 
granulated tin (20 g.) and concentrated hydrochloric acid (500 c.c.), 
and the whole immediately steam-distilled. The mercaptan, which 
solidified in the condenser (yield, 5 g.), was contaminated with a 
small quantity of a volatile tin compound, which was removed by 
two crystallisations from spirit. The mercaptan was obtained as 
cubic crystals and as needles, each form melting at 66°. Much poorer 
yields were obtained with zinc, aluminium, magnesium, or nickel 
in place of tin. 

Silver Thioleamphor Argentinitrate (A).—Thioleamphor (5 g.) 
in alcohol (50 c.c.) was added to silver nitrate (11 g.) in 90% alcohol 
(100 c.c.) with stirring. A yellow precipitate momentarily formed 
and dissolved again. Kept in subdued light, the solution slowly 
deposited white crystals (14 g.) [Found: C, 25-2; H, 3-6; S, 7-1; 
N, 3:2; Ag (total), 45:1; Ag (ionised), 22-6. C,)9H,,O;NSAg, 
requires C, 25-1; H, 3-6; 8, 6-7; N, 2-9; Ag (total), 45-1; Ag 
(ionised), 22-6%]. The compound chars at 200—210°, and in 
chloroform solution has [«]!%;,-+ 21°. It is soluble in ethylene 
dibromide and in hot alcohol, but insoluble in benzene and ligroin. 
This and the following compound gave the brown-ring test for 
nitrate. 

The orange-red solution obtained by warming 2 g. of (A) for a few 
minutes with a solution of thiolcamphor (0-8 g.) in dry benzene 


(12 c.c.) was separated from the water formed, concentrated in a 
5u* 
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vacuum, and poured into ligroin (50c.c.). The precipitated yellow 
solid (80% yield) decomposed above 230° without melting. It is 
extremely readily soluble in benzene, less soluble in alcohol, and 
has [a«]!3;, + 64° in chloroform solution [Found : C, 31-8; H, 4-1; 
S, 8-2; N,1-6; Ag (total), 41-8; Ag (ionised), 13-5. C,9H,,0,NS,Ag, 
requires C, 31:2; H, 4:2; 8, 8-3; N, 18; Ag (total), 42-1; Ag 
(ionised), 14-0%]. 

Thiolcamphor Cadmibromide.—Crystalline cadmium bromide 
(0-8 g.) dissolved in alcohol was added to a similar solution of thiol- 
camphor (0-4 g.). The cadmibromide separated immediately in 
fine, white crystals insoluble in all the usual solvents (Found : 
Cd, 29:3; Br, 21-8. C, 9H,;OBrSCd requires Cd, 30-0; Br, 21-4%). 

Thiolcamphor Stannochloride.—A filtered solution of stannous 
chloride (0-4 g.) in dry ether was added to thioleamphor (0-3 g.) 
in the same solvent. The stannochloride separated over-night as 
glistening crystals, soluble in benzene and other organic solvents ; 
m. p. 187° without decomp. [Found: Sn, 25-8; Cl, 15-8 (by 
Robertson’s method, J., 1915, 107, 902); S, 10-3; H, 4-9. 
(C1 9H,,¢08)3,Sn,Cl, requires Sn, 25-7; Cl, 15-4; 8, 10-4; H, 4:9%]. 

Nickel Thioleamphor (B).—Thioleamphor (0-4 g.) in alcohol was 
added to a solution of nickel chloride (0-8 g.) and sodium acetate 
(0-4 g.) in aqueous alcohol. The deep red solution was evaporated 
in a vacuum and extracted with benzene. Evaporation of this 
solution gave a mahogany-coloured solid soluble in all the usual 
organic solvents, but insoluble in water (Found: Ni, 9-4; S, 15-5. 
C39H,,0,5,Ni requires Ni, 9-7; S, 15-8%). 

Cupric chloride, like ferric chloride, oxidises thioleamphor to the 
disulphide, m. p. 222°. 

Methyl 8-thiolpropionate, prepared by esterifying §-thiolpro- 
pionic acid with methyl alcohol and a few drops of concentrated 
sulphuric acid, is a colourless, mobile, pungent liquid, b. p. 54—55°/ 
14 mm.; n’* 1-4628 (Found: 8, 26:3. C,H,0,S requires 
S, 266%). 

Methyl silver Q-thiolpropionate argentinitrate was prepared as (A) 
above, and is similar to it in properties (Found: Ag, 52-4; 8, 8-0. 
AgC,H,0,S,AgNO;,H,O requires Ag, 52:0; S, 7-7%). The com- 
pound gives a positive brown-ring test. 

Methyl nickel 8-thiolpropionate, prepared as (B), was obtained in 
brown, rhombic plates after crystallisation from ether [Found : 
Ni, 19-7; S, 21-3. (C,H-,O,S),Ni requires Ni, 19-9; S, 21-5%]. 

Ethyl nickel thiolacetate was obtained in good yield in dark brown, 
lustrous needles after crystallising from benzene-ligroin. These 
crystals smelt faintly of the ester. This smell was easily removed 
by heating for a short time in a high vacuum at 70°. The com- 
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pound then melted sharply at 101°, without decomposition, to a 
clear brown liquid [Found: Ni, 20-0; 8, 21-0. (C,H,0,S),Ni 
requires Ni, 19-9; 8S, 21-5%]. 

Nickel thiolpropionate is a brown powder soluble in dilute alkali, 
reprecipitated by acid, and insoluble in organic solvents [Found : 
Ni, 22-3. (C,H;0,8S),Ni requires Ni, 21-9%]. 

Under the same conditions nickel chloride and thiolacetic acid 
gave a dirty green solid of variable composition (Found : Ni, 28-4, 
29-1; S, 11-2%). 


UNIVERSITY OF GLASGOW. [Received, October 8th, 1926.] 


CCCCXII.—The Constituents of Oil of Supa. A New 
Natural Source of Copaene. 


By GrorcE GERALD HENDERSON, WILLIAM M’Nas, and JOHN 
MONTEATH ROBERTSON. 


Or of supa from the tree Sindora Wallichii, Benth, which is widely 
distributed over the Philippine Islands, has been examined by 
Clover (Philippine J. Sci., 1906, 1, 191), who found it to contain an 
unknown crystalline hydrocarbon and a mixture of sesquiterpenes 
from which a good yield of cadinene dihydrochloride was obtained. 

We have now made a more complete examination of the oil, 
for a sample of which we are much indebted to Mr. Walter L. Brooke, 
Bureau of Science, Manila. The crystalline solid, which is present 
to the extent of a few units %, is triacontane, C,,H,.. From one 
of the fractions of the oil we have obtained a second compound, m. p. 
172—178°; this appears to be another substance of high molecular 
weight, but the quantity of it so far available has not permitted a 
more complete examination of its properties. 

The volatile portion of the oil does not contain cadinene to any 
large extent, but the dihydrochloride which is obtained in good 
yield on treating certain fractions with hydrogen chloride is derived 
from a tricyclic sesquiterpene whose structure is evidently closely 
related to that of cadinene but whose physical properties differ 
considerably from those of pure regenerated cadinene. Deussen 
(Arch. Pharm., 1900, 238, 149; 1902, 240, 288) has shown that the 
naturally occurring sesquiterpene in West Indian sandalwood oil 
which yields cadinene dihydrochloride differs in optical properties 
from the regenerated product. More important, however, is the 
work of Semmler and Stenzel (Ber., 1914, 47, 2558) on African 
copaiba, from which they isolated a new tricyclic sesquiterpene, 


copaene, which gave a 30% yield of cadinene dihydrochloride. The 
5M*2 
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principal fraction which we have obtained from supa oil is almost 
identical in its physical properties with Semmler’s copaene and 
differs markedly from pure cadinene, as the following table shows : 


B. pl ea 
10 mm. Siok nie, = [Rz)p- [a ee 
Principal fraction from 
OS Seer 115—117° 0-9074 1-4944 65-4 —15-98° 
MND ssessccrteuccceees 119—120 09077 1-4894 65-0 —13-35 
(for D line) 
WRENS ~ cscoocsecessves 130—134 0-9189 1-5097 66-4 — 125 


Supa oil therefore appears to offer a new and more convenient 
source of copaene than African copaiba, from which the separation 
of the copaene is complicated by the presence of other sesquiterpenes. 

The relationship of copaene to cadinene was further established by 
Ruzicka’s dehydrogenation method. When the former compound 
was heated with sulphur, complete dehydrogenation occurred, and a 
good yield of cadalene was isolated. In view of this result, and also 
since copaene is readily transformed into cadinene by the action of 
acids, it is evident that copaene contains the dicyclic cadinene 
structure (III), and that the third ring must take the form of an 
easily ruptured bridge, probably of the sabinene type. Hence 
Semmler’s provisional formula for copaene (I) requires revision, and 
(II) more probably represents the structure of this sesquiterpene. 


CHMe CH, CHMe CH CHMe CH, 


F ihe Oe of ae a fs 
H.C CH (CMe H,¢ CH \CH, H,¢ (CH CH, 
HC CH /CH, HC CH ‘CMe HC CH CMe 


“se. Ni V4 \7Z VY \Z 
CPré CH CPr® CH, CPré CH 
(I.) (II.) (IIT.) 


EXPERIMENTAL. 


Distillation of Supa Oil.—The oil consisted of a pale yellow, mobile 
liquid containing leaflets of a colourless solid, and possessed a faint 
but characteristic odour. After a number of fractional distillations 
under reduced pressure, the following fractions were isolated: (a) 
a colourless, mobile liquid, b. p. 115—117°/10 mm., constituting 
about 50% of the original sample; (5) a smaller fraction, b. p. 
120—130°/10 mm., which after several distillations still boiled over 
a range of 10° and appeared to be a mixture; (c) a very small 
portion, b. p. 130—140°/10 mm. No distillate was obtained above 
140°. The residue (d) when cold consisted of a brown, semi-solid 
mass which, however, was not resinous. 

Conversion of the Copaene Fraction into Cadinene and Cadalene.— 
The fraction (a) after several distillations remained unaltered in 
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b. p. and had the physical properties recorded above ([R Jp found, 
65-4; calc. for a tricyclic sesquiterpene, 64:4; the large exaltation 
is consistent with the type of structure postulated by Semmler) 
(Found : C, 87-8; H, 11-6. C,,H,, requires C, 88-2; H, 11-8%). 

A solution of the fraction (a) (20 g.) in glacial acetic acid (60 g.), 
when gradually treated at 0° with hydrogen chloride, became 
greenish-blue and finally red. After saturation the solution was kept 
for 24 hours at 0°; the crystals then formed, after purification, 
melted at 118°, alone or mixed with cadinene dihydrochloride 
(yield, 35°, of fraction a). 

For comparison of this yield with that obtained from other 
ethereal oils, an examination was made of samples of oil of cubebs 
and of maracaibo copaiba. The chief sesquiterpene fraction from 
oil of cubebs had b. p. 130—140°/10 mm. and consisted principally 
of cadinene, but a small fraction was obtained, b. p. 110— 
120°/10 mm. This on similar treatment with hydrogen chloride 
yielded only 2—4% of cadinene dihydrochloride. The lowest- 
boiling portion of maracaiba copaiba had properties somewhat similar 
to those of copaene, but upon treatment with hydrogen chloride a 
mixture of the dihydrochlorides of cadinene and caryophyllene was 
obtained. 

The copaene fraction (a) (9 g.) was heated with sulphur (4-5 g.) 
at 200—250° for 14 hours. Hydrogen sulphide was evolved freely 
at the latter temperature. The product was freed from sulphur by 
distillation over sodium under reduced pressure, and yielded an oil, 
b. p. 1830—160°/12 mm., which was identified as cadalene by means 
of its picrate, m. p. and mixed m. p. 114—115°. 

The Higher-boiling and the Solid Constituents of Supa Oil.—The 
fraction (b), b. p. 120—130°/10 mm., was a mixture. In a solution 
in a large excess of acetone, a fine, white precipitate formed, which 
became flocculent upon agitation; it could not be satisfactorily 
purified by crystallisation, but was obtained in a relatively pure 
condition as an amorphous, white powder by repeated dissolution in 
anhydrous ether and precipitation by an excess of acetone; m. p. 
172—178° (Found: C, 86-9; H, 10-2%). 

The residue (d) was dissolved in ether, and an excess of ethyl 
alcohol added. The white solid that separated was difficult to free 
from adhering oil by crystallisation from acetone, and more than 
ten crystallisations were necessary before the pure substance was 
obtained as fine flakes with a macreous lustre, m. p. 63—64°. The 
compound is readily soluble in ether and in hot alcohol and acetone, 
but only very slightly soluble in benzene (Found : C, 84-8; H, 14:5; 
M, in camphor, 429, 420, 421, 443. Cy 9H, requires C, 85-3; 
H, 14:7%; M, 422). 
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After removal of the solid paraffin in the manner described, the 
viscous liquid residue gave, on vacuum distillation, a small quantity 
of a viscous, slightly yellow liquid, b. p. 145—155°/10 mm., 
di* 0-9484, in which the presence of a sesquiterpene alcohol is 
indicated (Found: C, 84:3; H, 11-5%). 


We are indebted to the Carnegie Trust for a grant in aid of this 
work. 
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CCCCXIII.—The Structure of the Benzene Nucleus. 
Part V. Some meso-Derivatives of Anthracene. 


By CHRISTOPHER KELK InGoLpD and Patuip Guy MarsHaALt. 


THE suggestion underlying the preceding parts of this series (J., 
1922, 121, 1133, 1143; 1923, 123, 2066, 2081) that the propagation 
of reactivity from a substituent to the para-position of an aromatic 
ring occurs by direct affinity exchange in the Dewar form, regarded 
as one of the intra-annular phases to which the reactivity of the 
nucleus is due,* has been supplemented by numerous analogies 
with the cyclopentadienes in which the evidence of trans-annular 
affinity exchange is particularly strong. 

In the benzene series, however, it frequently happens that two 
views (neither necessarily excluding the other), namely, propagation 
round the ring in the Kekulé form, and by direct affinity exchange 
across it in the Dewar form, are equally applicable. Therefore, 
illustrated by any op-substitution of the ordinary type, the theory 
that the antecedent activation of the nucleus occurs by “ Lewis 
displacement ”’ in the intra-annular forms 
4 S< R= Ceh<R 


is an obvious variant of the electronic strain-propagation scheme 
given by Ingold and Ingold (this vol., p. 1312, fig. C,); whilst the 
corresponding view of op-deactivation (Holleman) during m-sub- 
stitution (same formulz with arrows reversed) avoids the difficulty 
encountered by a conjugation mechanism in explaining the practically 
exclusive op-substitution of such fully conjugated compounds as 
w-nitrostyrene and cinnamic acid; it has also other advantages. 


* The authors accept Bamberger’s theory of the aromatic sextuple valency- 
group (Ber., 1891, 24, 1758; 1893, 26, 1946; Annalen, 1893, 278, 373) as 
representing the resting condition of the nucleus, but regard the sextuple 
association as peripheral (Thiele) rather than centric. 
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The problem of distinguishing between these two views is a 
difficult one and requires a separate solution for each group of 
aromatic phenomena. This paper records the results of an attempt 
to make the decision for the dissociation of the carbon-carbon bond, 
and the principle employed is as follows. The reactivity of the 
meso-carbon atoms of anthracene is well known and has recently 
been profusely illustrated (Barnett, Cook). The question to be 
answered is: Does this activity arise solely from the disturbance 
by the lateral rings of the equal distribution of valency around the 
central ring; or is it to be attributed to a phase in which there 
exists direct affinity exchange across the ring, that is, to a dissociable 
para-bond? According to the former alternative, the attachment 
of two phenyl nuclei to the 9- and 10-positions should, by con- 
jugation, absorb this free affinity and 9 : 10-diphenylanthracene 
should exhibit less meso-reactivity than anthracene itself.* Accord- 
ing to the latter view, however, the reverse might hold, since in 
this case there will be one phase in which the condition of the meso- 
carbon atoms is comparable with the condition of the ethane 
carbon atoms in a hexa-arylethane : each is joined to three benzene 
rings and to another carbon atom exactly like itself (III); and 
just as hexaphenylethane reversibly dissociates (V), so dipheny]- 
anthracene, and diarylanthracenes generally, should internally 
dissociate (IV), and should exhibit (doubtless in a subdued form, for 
this condition applies to only one of the intra-annular phases) those 
properties indicative of free affinity which are so strikingly displayed 
by the typical tervalent carbon radicals. 


Ph,C—CPh, == 2CPh, (V.) 
(colourless) (coloured) 


| CoH, 
—. ~ 
VI, X= K,Na. VII, X = Cl,Br. 
VIII, X= OH. IX, X= NHR. 


(IIT; colourless.) (IV; colovred.) 


Actually, the 9:10-diarylanthracenes and substituted 9: 10- 
diarylanthracenes which we have prepared exhibit characteristics 
corresponding to those of the hexa-arylethanes; e.g., they are colour- 
less or nearly so, in the solid state, but form coloured solutions (e.g., 
in xylene) the colour of which (indicating dissociation) increases in 


* Steric hindrance would work in the same way. 
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intensity with increase of temperature, and fades to its original 
depth on cooling; they form derivatives of type (VI) with the alkali 
metals in liquid ammonia, are readily oxidised and reduced in the 
9- and 10-positions and add on halogens reversibly in these positions ; 
the halogen compounds (‘Type VII), like triarylmethy] halides, are 
sensitive to water, giving carbinols (Type VIII), and to bases, giving 
amines of type (IX). All the reactions, however, except the rapid 
development of colour in solution, are noticeably less facile than 
the corresponding reactions of triphenylmethyl. Three points 
require elaboration : 

(i) In electrolytically dissociating solvents the dissociation of 
triarylmethyls is, at least partly, ionic, and Gomberg’s experiments 
have shown (compare Fliirscheim, J., 1910, 97, 92) that the positive 
triarylmethyl! ion is tautomeric with its semi-quinonoid isomeride : 


rN ms a 
sa tte OO - a Pac—< >? 


The proof of this is that p-bromotriphenylmethyl chloride and 
p-chlorotriphenylmethyl bromide, which are stable isomerides in 
non-ionising solvents, at once come into equilibrium when dissolved 
in an ionising solvent such as sulphur dioxide : 


Cl Br 
! 


ee as 
(Ph,:C,H,Br => ions —> CPh,:0,H,<g) => ions = CPh,C,H,Cl 


We have obtained evidence of an analogous condition of tautomerism 
both in the 9- and 10-phenyl rings, and in the lateral anthracene 
rings of our 9 : 10-diarylanthracene derivatives, using glacial acetic 
acid as the ionising solvent. 

(ii) The tendency of the hexa-arylethanes and tetra-arylhydrazines 
towards dissociation into free radicals is known to be influenced by 
p-substituents, the effect of these in augmenting dissociation running 
roughly parallel with their op-directive power in aromatic substitu- 
tion. To test this point for the diarylanthracenes, we have pre- 
pared a series of comparable pp’-disubstituted 9 : 10-diarylanthra- 
cenes, and, judging from the colour-intensities at equal molecular 
dilutions, we find for the order of the effect on dissociation : 
MeO>Me>Cl>H; the effects due to Me and Cl are, however, 
very close together and the errors inherent in the method are such 
that their order cannot be guaranteed. 

(iii) We have carried out a series of colorimetric measurements 
at different temperatures and concentrations in order to ascertain 
whether the relation between the colour depth, temperature, and 
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dilution corresponds with the requirements of a reversible unimole- 
cular change of the type (III) = (IV). The numerical results are 
consistent with this theory, although they are not sufficiently exact 
to establish it unequivocally, and the question whether the “‘ degree 
of dissociation ’ should be taken in these cases to connote merely 
the proportion of fully dissociated isomeride, or whether mathe- 
matical recognition should be given to the continuous series of 
possible intermediate states (as in Debye’s theory of electrolytic 
dissociation), is one which must await further evidence. 


EXPERIMENTAL. 


9 : 10-Dichloro- and 9 : 10-Dianilino-9 : 10-diphenyl-9 : 10-dihydro- 
anthracene.—9 : 10-Dihydroxy-9 : 10-diphenyldihydroanthracene was 
prepared by Haller and Guyot’s process (Compt. rend., 1904, 138, 
327), modified with the object of improving the yield. The reaction 
product, which contained much unaltered anthraquinone, was 
decomposed with water, and the solid obtained was twice boiled 
with 500 c.c. of ethyl acetate. The combined, cooled, and filtered 
solutions, on concentration to a small bulk, deposited the dihydroxy- 
compound, which, after being washed with ligroin and crystallised 
from acetone, was obtained in 34% yield, m. p. 252—254° (Haller 
and Guyot record yield 10% and m. p. 242°). 

A hot chloroform solution of the dihydroxy-compound, on satur- 
ation with hydrogen chloride, became turbid owing to separation 
of water; addition of acetic acid (2—3 vols.) then gave 9: 10- 
dichloro-9 : 10-diphenyl-9:10-dihydroanthracene in_ colourless 
needles, m. p. 170° (decomp.), which were washed with acetic acid, 
water, and alcohol. This compound gave a deep yellow colour in 
liquid sulphur dioxide. When it was boiled with water, hydrochloric 
acid was gradually liberated and the dihydroxy-compound formed. 

A solution of the dichloro-compound in hot benzene reacted very 
readily with aniline (4 mols.), aniline hydrochloride being precipit- 
ated (yield, 1-7 mols.; theoretical, 2-0 mols.). 9 : 10-Dianilino- 
9 : 10-diphenyl-9 : 10-dihydroanthracene crystallised when the filtrate 
was concentrated to a small bulk; it was washed with warm water 
to remove adhering aniline hydrochloride and recrystallised from 
benzene-ligroin, from which it separated in minute, colourless 
needles, m. p. 232—234° (Found: C, 88-8; H, 6-0. C,gHs oN, 
. requires C, 88:7; H, 5-8%). It formed an orange solution in liquid 
sulphur dioxide and a blue solution in sulphuric acid. 

9: 10-Diphenylanthracene was obtained by treating the dihydroxy- 
or the dichloro-derivative with zinc dust and acetic acid, and from 
the latter by treatment with an aqueous solution of potassium iodide 
or carbamide. On chlorination in chloroform solution the dichloro- 
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derivative was re-formed, but the dibromo-derivative could not be 
produced in a similar way. An attempt to prepare the dibromo- 
compound by saturating an acetic acid solution of the dihydroxy- 
derivative with hydrogen bromide at 60° yielded only diphenyl- 
anthracene; from which it seems clear that the conversion of this 
substance into its 9: 10-dihalogen addition products is reversible, 
and that whereas the dichloride is moderately stable, the dibromide 
and di-iodide lose their halogen with much greater ease (compare 
triarylmethyl halides). The hydrocarbon prepared by any of 
these methods separated from acetic acid or benzene in very pale 
yellow prisms, m. p. 249—250° (Found: C, 94:4; H, 5-4. Cale.: 
C, 94:5; H, 55%). It gave a deep yellow solution in liquid 
sulphur dioxide and yellow, fluorescent solutions in the ordinary 
organic solvents (p. 3089). It was stable in air at the ordinary 
temperature, but on heating was converted into a product 
which gave the colour reactions of the dihydroxy-compound ; this 
could be obtained from the hydrocarbon by successive treatment 
with silver oxide in xylene and with water. 

When sodium or potassium was added to a solution of 9: 10- 
diphenylanthracene in anhydrous liquid ammonia, a bright cherry- 
red solution was formed which soon deposited a brick-red, amorphous 
precipitate. These precipitates apparently consisted of the 9 : 10- 
disodio- and 9 : 10-dipotassio-derivatives of 9 : 10-diphenyl-9 : 10- 
dihydroanthracene. They were less stable than the corresponding 
compounds prepared from triphenylmethyl (Kraus and Kawamura, 
J. Amer. Chem. Soc., 1923, 45, 2756), and were not purified owing 
to their instability in moist air. By taking advantage of the 
intense colour of the solutions of the alkali metals in ammonia, 
however, indirect analyses were carried out : a known weight of the 
hydrocarbon dissolved in liquid ammonia was titrated with a solu- 
tion of potassium or sodium in the same solvent until one more drop 
gave a maroon or purple end-point; the ammonia was then evapor- 
ated and the residue was dried over sulphuric acid, decomposed with 
water, and titrated with standard hydrochloric acid* (Found: 
K, 19-8. Na, 13-8. C,,H,,K, requires K, 19-1%. C,,H,,Na, 
requires Na, 12-2%). When water was added during these estim- 
ations, a small amount of a gas (presumably hydrogen) was evolved ; 
the residue contained 9 : 10-diphenyl-9 : 10-dihydroanthracene, colour 
less needles with a bluish-violet sheen, m. p. 222—225° after crystal- 
lisation from acetone (Found: C, 93-9; H, 6-2. C,H. requires 


* To correct for the water content of the ammonia, a small quantity of 
sodium or potassium was dissolved in ammonia, and the solution diluted from 
the main stock until the colour vanished. The volume was then noted, and 
the aikali hydroxide remaining after evaporation estimated. 


THE STRUCTURE OF THE BENZENE NUCLEUS. PART V. 3085 


C, 94:0; H, 60%), but also gave, before purification, the colour 
reactions of 9 : 10-diphenylanthracene. 

9 : 10-Dihydroxy-9 : 10-di - p - tolyl -9 : 10 - dihydroanthracene.— A 
suspension of anthraquinone (45-5 g.) in 300 c.c. of dry ether was 
gradually added to the Grignard solution prepared from p-iodotoluene 
(100 g.), magnesium (10-8 g.), ether (220 c.c.), and a trace of iodine. 
After the mixture had been boiled under reflux for 4 hours, the 
solid product was collected and decomposed with very dilute hydro- 
chloric acid. The material thus obtained was twice extracted with 
500 c.c. of boiling ethyl acetate, and the combined filtrates were 
concentrated and mixed with ligroin. The crystalline product was 
collected, washed with ligroin, and crystallised from toluene, from 
which colourless needles, m. p. 267—270°, separated. A further 
crystallisation from acetone, alcohol, or pyridine raised this m. p. 
to 275°, perceptible softening taking place at 270° (yield, 18%) 
(Found: C, 85-9; H, 6-2. C,,H,,0, requires C, 85-7; H, 6-2%). 
The compound gave a yellow solution in liquid sulphur dioxide and 
a deep blue solution in sulphuric acid. 

9 : 10-Di-p-tolylanthracene.—Zinc dust was added at intervals 
during 1 hour to a boiling solution of the dihydroxy-compound (5 g.) 
in glacial acetic acid (50 c.c.). The solution (final volume, 30 c.c.) 
was well cooled and filtered, and the hydrocarbon extracted from 
the residue with boiling toluene. The product, obtained by con- 
centrating the extract, was again crystallised from toluene; very 
pale yellow prisms were then obtained, m. p. 278—279° (Found : 
C, 93-7; H, 6:3. C,H, requires C, 93-8; H, 6-2%). This sub- 
stance closely resembles the diphenyl] analogue (see, however, p. 3089). 
Yield 639%. The dipdtassio- and disodio-derivatives were obtained 
as in the case of the dipheny] derivatives (Found: K, 18-9. Na, 10-7. 
C,,H,K, requires K, 17-°9%. C gH, .Na, requires Na, 11-4%). 

9: 10-Dihydroxy-9 : 10-di -p-chlorophenyl-9 : 10-dihydroanthracene. 
—A suspension of anthraquinone (30 g.) in ether (250 c.c.) was 
added gradually to a Grignard solution prepared from p-chloroiodo- 
benzene (95 g.), magnesium (9-5 g.), and 250 c.c. of ether; the 
product was isolated like the dihydroxyditolyl compound and 
obtained in colourless, prismatic needles, m. p. 267° (decomp.). 
It is similar in all respects to the ditolyl analogue (Found : C, 72:3; 
H, 4:3. C,,H,,0,Cl, requires C, 72-1; H, 4.2%). This analysis 
and qualitative tests showed that the product contained no di-iodo- 
phenyl derivatives. : 

9 : 10-Di-p-chlorophenylanthracene was prepared in the same way 
as ditolylanthracene, except that xylene was used for the extraction 
and crystallisation of the product, m. p. 306—307-5° (Found: C, 
78:3; H, 4:3. C,,H,,Cl, requires C, 78-2; H, 40%), which had 
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properties closely similar to those of the tolyl compound (compare, 
however, p. 3089). Yield, 60%. 

In an unsuccessful attempt to synthesise 9 : 10-dibromo-9 : 10- 
di-p-chlorophenyl-9 : 10-dihydroanthracene, the above dichloro- 
hydrocarbon was reduced to 9 : 10-di-p-chlorophenyl-9 : 10-dihydro- 
anthracene by adding sodium amalgam to a boiling alcoholic suspen- 
sion until the fluorescence had almost disappeared. The mercury 
was removed, the suspension mixed with water, and the solid 
material collected. A filtered solution of this in hot toluene, after 
admixture with absolute alcohol (2 vols.), gave colourless needles, 
m. p. about 206°. The filtrate from this, on being concentrated and 
mixed with a further quantity of alcohol, yielded colourless needles, 
m. p. about 165° (Found: C, 77-7; H, 4:7. C,,H,,Cl, requires C, 
77-8; H, 45%). A mixture of cis- and trans-isomerides would be 
expected. 

9 : 10-Dihydroxy-9 : 10-di-p-bromophenyl-9 : 10 - dthydroanthracene 
was prepared in the usual way, 25 g. of anthraquinone suspended in 
250 c.c. of ether, and a Grignard solution prepared from 90 g. of 
p-bromoiodobenzene, 7-56 g. of magnesium, and 200 c.c. of ether 
being used. The product separated from xylene or ethyl acetate- 
ligroin in colourless, prismatic needles, m. p. 273—274° (Found: 
C, 60-0; H, 3-4. C,,H,,0,Br, requires C, 59-8; H, 3-4%). Its 
properties are similar to those of the chloro-compound. 

9 : 10-Di-p-bromophenylanthracene was prepared in the same way 
as the chloro-analogue; it shrank at 315° and melted at 326—327° 
(Found : C, 63-9; H, 3-4. C,,H,,Br, requires C, 63-9; H, 3-3%). 

9 : 10-Dihydroxy-9 : 10-di-p-anisyl-9 : 10-dihydroanthracene was 
obtained from 40 g. of anthraquinone, suspended in ether (250 c.c.), 
and a Grignard solution prepared from p-bromoanisole (93-5 g.), 
magnesium (12-0 g.), and ether (250 c.c.). After the product had 
been decomposed with dilute hydrochloric acid, the dianisyl com- 
pound was extracted by boiling the solid material three times with 
400 c.c. of ethyl acetate. The concentrated extracts were allowed 
to cool and the crystalline product was freed from gummy impuri- 
ties by washing with alcohol and from anthraquinone by filtering 
its solution in boiling acetone. A further crystallisation from acetone 
yielded colourless needles, m. p. 258—262° (yield, 31 g.). This com- 
pound gives a brilliant cherry-red solution in sulphuric acid (Found : 
C, 79-3; H, 5-7. C,gH,,O, requires C, 79-2; H, 5-7%).* 

9 : 10-Di-p-anisylanthracene, prepared in the usual way and crystal- 


* On heating with phosphorus and hydriodic acid at 150°, this substance 
yielded a hydrocarbon, m. p. 105—108°, forming colourless leaflets when 
crystallised from ligroin. Analysis (Found: C, 92-7; H, 7-5. C,.H.. requires 
C, 92-3; H, 7-7%) indicated that it is octahydro-9 : 10-diphenylanthracene. 


THE STRUCTURE OF THE BENZENE NUCLEUS. PART V. 3087 


lised from toluene containing a little ligroin, was obtained in very 
pale yellow prisms, m. p. 282° (Found: C, 85:7; H, 5-7. C,,H,.0, 
requires C, 86-2; H, 5-9%). It gives an olive solution in sulphuric 
acid, and otherwise resembles its analogues (compare, however, 
p. 3089). 

2-Chloro-9 : 10-dihydroxy-9 : 10-diphenyl-9 : 10 - dihydroanthracene 
was prepared from 2-chloroanthraquinone (42-5 g., suspended in 
ether, 250 c.c.) and the Grignard derivative obtained from bromo- 
benzene (60 g.), magnesium (8-72 g.), and ether (150 c.c.), and was 
crystallised from toluene-ligroin (4:1); m. p. 220—221° (Found : 
C, 78:7; H, 5-1. C,,H,,0,Cl requires C, 78-3; H, 48%). Its 
solution in concentrated sulphuric acid is indigo-blue. 

2-Chloro-9 : 10-diphenylanthracene, prepared in the usual way by 
reduction of the dihydroxy-compound, and extracted from the zinc, 
etc., with ligroin, formed small, pale yellow crystals, m. p. 193°, 
It is much more soluble in the usual solvents than 9 : 10-diphenyl- 
anthracene, which it otherwise resembles (Found: C, 86-0; H, 5-0. 
C,sH,7Cl requires C, 85°6; H, 4°7%). 

2-Bromo-9 : 10-dihydroxy-9 : 10-diphenyl-9 : 10 - dihydroanthracene, 
prepared from 2-bromoanthraquinone (78 g., suspended in ether, 
250 c.c.) and the Grignard compound from bromobenzene (120 g.), 
magnesium (17-4 g.), and ether (300 c.c.), separated from acetone 
in colourless needles, m. p. 206—209° (Found: C, 70-8; H, 4:3. 
C,,H,,0,Br requires C, 70-4; H, 43%). It resembles the 2-chloro- 
compound. 

2-Bromo-9 : 10-diphenylanthracene was prepared in the same way 
as its chloro-analogue, except that acetone was used in place of ligroin 
for the extraction. Crystallised from acetone-ligroin, it formed 
very pale greenish-yellow needles, m. p. 185—187° (Found : C, 76-5; 
H, 4-3. C,,H,,Br requires C, 76-3; H, 4-1%). 

9-Hydroxy-9-triphenylmethylanthrone was obtained during some 
unsuccessful attempts to synthesise 9 : 10-bistriphenylmethylanthra- 
cene. The Grignard compound prepared from triphenylchloro- 
methane (36 g.), magnesium (3-1 g.), and ether (100 c.c.) was treated 
with anthraquinone (11 g.) suspended in ether (80 c.c.); the product 
was worked up as usual. After several crystallisations from toluene, 
colourless prisms, m. p. 183—190°, were obtained (Found : C, 87-6; 
H, 5-7. C,,H,,0, requires C, 87-6; H, 53%). It gives a yellow 
solution in sulphuric acid. 

Action of Hydrogen Chloride on 9: 10-Dihydroxy-9 : 10-di-p-bromo- 
phenyl-9 : 10-dihydroanthracene and of Chlorine on 9 : 10-Di-p-bromo- 
phenylanthracene: Formation of 9:10-Dichloro-9 10-di-p-bromo- 
phenyl-9 : 10-dihydroanthracene and 9 : 10-Di-p-chloroanthracene.— 
The dihydroxy-compound (1 g.) dissolved in hot glacial acetic acid 
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was treated with a stream of hydrogen chloride for 5 minutes. 
After cooling, the crystals were collected, washed with acetic acid, 
and crystallised from benzene, almost colourless needles, m. p. 218°, 
being obtained. 9: 10-Dichloro-9 : 10-di-p-bromophenyl-9 : 10-dihydro- 
anthracene gives a deep blue colour with concentrated sulphuric acid 
and an orange-yellow solution in liquid sulphur dioxide (Found : 
C, 55-7; H, 3-0. C,,H,,Cl,Br, requires C, 55-8; H, 29%). The 
same substance is formed when chlorine is passed into a solution 
of 9: 10-di-p-bromophenylanthracene in chloroform. It does not 
appear to undergo rearrangement (except possibly to a small extent) 
in liquid sulphur dioxide : whether this is due to slow reaction at 
the low temperature or to an unfavourable equilibrium we have 
not been able to determine, since the 9: 10-dibromo-9 : 10-di-p- 
chlorophenyl-9 : 10-dihydroanthracene required to investigate the 
reverse change could not be prepared (pp. 3084, 3086). Evidence of 
the occurrence of the rearrangement in hot glacial acetic acid was, 
however, obtained by the isolation of 9 : 10-di-p-chloropheny]l- 
anthracene from the product formed by treating the dihydroxydi- 
p-bromophenyl compound for 4 hour with hydrogen chloride in hot 
glacial acetic acid. In another experiment, the treatment with 
hydrogen chloride was continued for 15 minutes, and the solution 
boiled for 15 minutes. The product, crystallised repeatedly from 
toluene and then from toluene—alcohol, gave (a) a sparingly soluble 
product, m. p. 290—320°, containing chlorine and bromine, which 
was not further investigated, (6) di-p-chlorophenylanthracene (m. p. 
304—306°; mixed m. p. 305—307°) (Found: C, 78:0; H, 4:3. 
Cale. : C, 78-2; H, 4-0%), (c) a product, m. p. 209—214° (mixed m. p. 
with 9: 10-dichloro-9 : 10-di-p-bromophenyl-9 : 10-dihydroanthra- 
cene, 212—215°), containing both chlorine and bromine, which, how- 
ever, could not be completely purified. Since 9 : 10-dibromo-9 : 10- 
di-p-chlorophenyl-9 : 10-dihydroanthracene would lose bromine 
spontaneously, giving 9 : 10-di-p-chlorophenylanthracene under the 
conditions employed, we regard these observations as establishing 
the series of reactions referred to on p. 3082. 

Action of Hydrogen Chloride on 2-Bromo-9 : 10-dihydroxy-9 : 10- 
diphenyl-9 : 10-dihydroanthracene.—The bromodihydroxy-compound 
was treated in boiling glacial acetic acid solution with hydrogen 
chloride for 1-5 hours. After cooling, the yellow product was 
collected and separated into two portions by filtering its suspension 
in boiling acetone. The undissolved portion, after crystallising 
three times from toluene and twice from pyridine, formed very pale 
greenish-yellow needles, m. p. 294—295°, which contained chlorine 
but no bromine (Found: C, 73-3, 73-4; H, 3-8, 3-9; Cl, 23-8. 
C,,H,,Cl, requires C, 72-0; H, 3-5; Cl, 245%). This compound, 
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which was obviously of the 9 : 10-diarylanthracene type and gave 
with cold xylene a yellow solution which became intensely orange- 
yellow at the boiling point, appears to contain one atom of chlorine 
more than 2 : 3-dichloro- or 2 : 6-dichloro-9 : 10-diphenylanthracene, 
the highest-chlorinated bromine-free derivatives we expected to 
obtain, and there are many conceivable ways in which this result 
may have been brought about. The product soluble in acetone, 
after further crystallisation from acetone and toluene-ligroin, had 
m. p. about 175° and obviously consisted largely of 2-chloro-9 : 10- 
diphenylanthracene (mixed m. p. 187—192°), although it could not 
be entirely freed from a bromine-containing impurity. Since its 
reactions were exclusively those of a diarylanthracene, we conclude 
that the persistent impurity was probably 2-bromo-9 : 10-diphenyl- 
anthracene. 

Colorimetric Determinations.—The following table records the 
length of the column of a colour-standard against which solutions 
of 9: 10-di-p-anisylanthracene were matched at different temper- 
atures. These solutions each contained 0-5 g. in 100 c.c.; the 
measurements refer to solutions in (a) mesitylene, (6) benzylidene- 
methylamine, and (c) bromonaphthalene. Series of readings were 
taken,* with rising temperatures, ¢ with falling temperatures. 


a oe ee SS a 


ID  wiscdsdvtwvskvies a b a a b a c 
MM add issiecscsesacesass 20° 40° 50° 85° 93° 120° 120° 
Length (mm.) ......... 2-5 3-0 4:0 9-5 12-0 195 185 
+ * + oe 7 * * 
gE ee b a b Cc b Cc c 
Je eer 135° 140° 150° 158° Ive” 220° 265° 
Length (mm.) ......... 20-5 25-0 27°5 30-0 36-0 50-5 57:0 


Solutions of diphenylanthracene, di-p-tolylanthracene, di-p- 
chlorophenylanthracene, and di-p-anisylanthracene in benzylidene- 
methylamine were compared with the same colour-standard at 
150°, and the following relative colour intensities obtained: 1-0, 
1-4, 1-5, 2-7, respectively. 

An approximately decimolecular solution of trichlorodiphenyl- 
anthracene (see above) in xylene was matched against a colour- 
standard and then diluted. The following colour intensities refer 
to the temperature 25°, for the relative dilutions 1-0, 2-4, 5-1 and 
8-1, respectively : 7-7, 7-4, 7-8 and 7-9. 

Similar results were obtained at 100°, indicating that the intensity 
of colour is substantially independent of concentration. 


We desire to record our thanks to the Royal Society for a grant 
which has defrayed a part of the cost of this investigation. 


Tae University, LEEDS. [Received, October 9th, 1926.] 
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CCCCXIV.—The Alleged Nitration of S-Methylthio- 
guaiacol. A Criticism. 
By ALFRED PoLLARD and RoBert Rosinson. 


Homes, INGotp, and INGoLp (this vol., p. 1684) have described the 
mononitration of S-methylthioguaiacol by means of a mixture of 
nitric acid and acetic anhydride and state that the liquid product, 
SMe-C,H,(OMe)-NO,, may be oxidised by cold fuming nitric acid 
to a related sulphone, C,H,O;NS, m. p. 144—145°. This substance 
was found to differ from the 3-, 4-, and 5- nitro-2-methoxypheny]- 
methylsulphones, which were synthesised for comparison, and 
was by exclusion regarded as_ 6-nitro-2-methoxyphenylmethyl- 
sulphone. The conclusion was drawn that the nitroxyl entered the 
o-position to the methylthiol group and the authors, far from 
expressing surprise at so remarkable a result, proceeded to develop 
a theory which accommodated it. This hypothesis, which we con- 
sider to be an unsound development of the theory of crotenoid 
systems, cannot be discussed here because we do not understand 
it. We especially fail to comprehend the meaning of the phrase 
** externally neutralised ’’ on p. 1686 (loc. cit.). 

In short, we were disposed to doubt the correctness of Holmes, 
Ingold, and Ingold’s conclusion as to the o-substitution both on 
theoretical grounds and from analogies. The logical but dangerous 
method of exclusion of alternatives, relied upon by these authors, 
as mentioned above, was not supplemented either by the synthesis 
of the remaining possibility or by the close examination of the 
supposed 6-nitro-2-methoxyphenylmethylsulphone. Confirmatory 
evidence was all the more to be sought in view of the well-known 
fact that nitric acid is usually employed to oxidise a sulphide to a 
sulphoxide rather than to a sulphone. 

We have had no difficulty in obtaining the substance, m. p. 144— 
145°, by following the instructions of Holmes, Ingold, and Ingold, 
but find that it is a sulphoxide in that it may be further oxidised 
by potassium permanganate to a sulphone. The latter was identi- 
fied as 5-nitro-2-methoxyphenylmethylsulphone, m. p. 149—150° 
(Holmes, Ingold, and Ingold, Joc. cit.). In the combined nitration 
and oxidation of S-methylthioguaiacol, therefore, the substituent 
enters chiefly the p-position to the methoxyl group. 

It occurred to us that the explanation of the ultimate production 
of 5-nitro-2-methoxyphenylmethylsulphone might be that oxidation 
precedes nitration and that actually 2-methoxyphenyl methyl 
sulphoxide is the substance that is nitrated. If so, the position 
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taken up by the substituent would be the normal one p- to the 
methoxyl group. This view cannot be reconciled with the results 
of Holmes, Ingold, and Ingold on the mononitration of S-methyl- 
thioguaiacol, which are very positive and described in the most 
precise manner; consequently we did not at first entertain the 
possibility. Nevertheless, on repetition of the experiment we 
obtained 2-methoxyphenyl methyl sulphoxide instead of the nitro- 
S-methylthioguaiacol which Holmes, mo, and Ingold state to be 
the product. 

The nitration of Sinden has not yet been accom- 
plished and further work is necessary in order to establish the order 
of the directive efficiencies of sulphur and oxygen atoms directly 
attached to the aromatic nucleus. 


EXPERIMENTAL. 


2-Methoxyphenyl Methyl Sulphoxide—S-Methylthioguaiacol crys- 
tallises on standing and melts at about 19°. When it is treated as 
described by Holmes, Ingold, and Ingold (/oc. cit., p. 1687) under the 
heading Mononitration, the chief product is a yellow oil which 
erystallises after distillation (Found: C, 55-7;* H, 6-6. C,H,,0.8 
requires C, 56-9; H,5-9%). (Fora pale yellow oil, prepared in this 
way but not found to crystallise, Holmes, Ingold, and Ingold gave 
C, 47-8; H, 4-4. C,H,O,NS requires C, 48-0; H, 45%.) On 
vigorous reduction with zinc dust and boiling dilute hydrochloric 
acid an oil, volatile in steam and having the odour of S-methyl- 
thioguaiacoi, is produced. Oxidation with potassium permanganate 
gives a good yield of 2-methoxyphenylmethylsulphone, identified by 
comparison and by the m. p.j (91°) of a mixture with an authentic 
specimen. The sulphoxide is difficult to recrystallise, but separates 
from light petroleum in colourless prisms, m. p. 44° (Found : C, 56-6; 
H, 6-0%). 

5-Nitro-2-methoxyphenyl methyl sulphoxide was prepared by the 
action of cold fuming nitric acid on S-methylthioguaiacol as described 
by Holmes, Ingold, and Ingold (loc. cit.) under the heading : 6-Nitro- 
2-methoxyphenylmethylsulphone. We did not succeed in obtaining 
the 80% yield claimed by these authors, but the substance crystal- 
lised from methyl alcohol in very pale yellow needles, m. p. 144— 
145°, in agreement with their. description (Found in air-dried 


* By microanalysis; a combustion on the ordinary scale gave a lower 
result for the carbon content. 

+ Troeger and Budde (J. pr. Chem., 1902, 66, 130) describe this sulphone 
as crystals, m. p. 84°, from alcohol. We have obtained it in colourless 
lamine, m. p. 91°, from benzene-light petroleum. 
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material: C, 44-8; H, 4-2. C,H,O,NS requires C, 44-6; H, 4:24). 
Holmes, Ingold, and Ingold gave C, 41:2; H, 3:9. C,H,O;NS 
requires C, 41-5; H, 3-9%. 

The sulphoxide (0-85 g.) was dissolved in hot water (40 c.c.), and 
aqueous potassium permanganate (30 c.c. of 2%) added. After a 
few minutes, the small excess of the latter was reduced by alcohol, 
and the manganese dioxide converted into dithionate. The colour- 
less precipitate (0-75 g.) crystallised from alcohol in colourless leaflets, 
which melted at 149—150° and at the same temperature when mixed 
with an authentic specimen of 5-nitro-2-methoxyphenylmethy]l- 
sulphone (Holmes, Ingold, and Ingold, loc. cit., describe pale yellow 
needles, m. p. 149°). 

5-Nitro-2-hydroxyphenylmethylsulphone, NO,°C,H,(OH):‘SO,Me.— 
The sulphoxide, m. p. 144—145°, and the sulphone, m. p. 149—150°, 
are each readily hydrolysed by boiling dilute aqueous sodium 
hydroxide, yielding bright yellow alkaline solutions from which 
colourless compounds are precipitated on acidification. The 
reaction, strongly suggestive of the hydrolysis of p-nitroanisole 
derivatives, confirms our view of the nature of these substances. 
5-Nitro-2-hydroxyphenylmethylsulphone dissolves in hot water to 
a yellow solution, from which flat, transparent needles are deposited 
on cooling; these change in contact with the solvent into an opaque, 
prismatic form, m. p. 167° (Found in material ge: at 100°: N, 6-4, 
6-4; 8, 14-5. C,H,O;NS requires N, 6-5; 8S, 14:7%). The sub- 
stance is readily soluble in aqueous sodium pa at to a lemon- 
yellow solution. On the addition of bromine water to an aqueous 
solution a bromo-derivative is rapidly formed and soon separates in 
colourless, slender needles, m. p. 173°. This derivative dissolves in 
hot water to a bright yellow solution and is probably 3-bromo- 
5-nitro-2-hydroxyphenylmethylsulphone. 

3 : 5-Dinitro-2-hydroxyphenylmethylsulphone.-—A_ solution of 5- 
nitro-2-hydroxyphenylmethylsulphone in nitric acid (d 1-42) was 
boiled and then poured into water. The solid was collected and 
crystallised from water; a small amount of picric acid was isolated 
from the original acid liquor after concentration and removal of a 
further quantity of dinitrohydroxyphenylmethylsulphone. The 
latter crystallises from water or alcohol in brittle, sulphur-yellow 
needles, m. p. 166° (Found in material dried at 100°: N, 10-6; 
S, 12-1. C,H,O,N,S requires N, 10-7; 8, 12-2%). This substance 
resembles picric acid in its properties, dyes silk yellow, and develops 
a brownish-red coloration with aqueous potassium cyanide on 
heating. 

The carbon, hydrogen, and nitrogen determinations (micro- 
methods) recorded in this paper were made by Mr. A. Bennett. 
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We desire to thank the Department of Scientific and Industrial 
Research for a grant which enabled one of us to take part in the 
work. 


Tue UNIVERSITY, MANCHESTER. [Received, October 21st, 1926. 
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CCCCXV.—Acion of Nitric Acid on S-Methylthio- 
guaiacol. A Correction. 
By CurisToPHER KELK INGOLD and Epirn Hixpa Incoup. 


In the course of a systematic repetition, now nearly completed, of 
work described in certain previous communications from this 
laboratory, the following error has been detected. Holmes, Ingold, 
and Ingold (this vol., p. 1684) described a compound, m. p. 144— 
145°, which had been obtained as the main product of the action of 
excess of fuming nitric acid on S-methylthioguaiacol, and, owing 
(as it now appears) to the coincidence of an erroneous carbon and 
hydrogen determination,* regarded it as 6-nitro-2-methoxyphenyl- 
methylsulphone (ibid., p. 1687), the orientation being deduced from 
its non-identity with 5-, 4-, or 3-nitro-2-methoxyphenylmethyl- 
sulphone, all of which had been synthesised by methods which 
placed their constitutions beyond doubt. We find, however, that 
the substance having m. p. 144—145° is really 5-nitro-2-methoxy- 
phenyl methyl sulphoxide for the following reasons: (1) We have 
analysed it, with these results: Found: C, 44-9, 44-6, 44-7; H, 4-4, 
4-2,4-4. C,H,O,NS requires C, 44-6, H, 4:2%. (A nitromethoxy- 
phenylmethylsulphone would require C, 41-6; H, 39%). (2) We 
have also oxidised it (0-40 g.) by boiling for 8 minutes with 6 c.c. of 
dilute sulphuric acid (1:3 by volume) and potassium dichromate 
(0-30 g., previously dissolved in about 2 c.c. of water), and have 
thus obtained a sulphone (Found : C, 41-6; H, 40%), m. p. 147— 
148° (yield 0-27 g. after crystallisation from methyl alcohol; yield 
0-40 g. and m. p. about 140° before crystallisation), which does not 
depress the m. p. of 5-nitro-2-methoxyphenylmethylsulphone pre- 
pared either from 4-nitro-o-anisidine or from 2-methoxyphenyl- 
methylsulphone (loc. cit.). 

The first action of nitric acid on S-methylthioguaiacol may be to 
convert it into the sulphoxide; alternatively, the nitration may 


* This may possibly have been due to the escape of methane or ethane, an 
occurrence which we have experienced on several occasions recently with 
sulphur compounds containing the methoxyl and similar groups. 

¢ Analyses which have been made of the crude product, b. p. 144—146°/2 mm. 
(loc. cit.), suggest both actions. 
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occur through the thionium nitrate, and the oxidation subsequently, 
In either case, it follows that the desired information regarding the 
relative directive powers of oxygen and sulphur probably cannot be 
obtained from the study of the nitration of OS-dialkyl derivatives of 
monothiopyrocatechol, and therefore we propose to examine the 
action of substituting agents on other sulphur derivatives. Also, the 
most extreme case hitherto recorded of the vicinal substitution of 
an o-disubstituted benzene containing two op-directing groups is 
furnished now, not by S-methylthioguaiacol, but by o-fluoroanisole 
(ibid., pp. 1328, 1686). 


Tue University, LEEDS. [Received, October 25th, 1926.] 


CCCCXVI.—The Constitution of the Disaccharides. 
Part XI. Maltose. 


By WALTER NoRMAN HAwoRTH and STANLEY Prat. 


No conclusive proof of the constitution of maltose is available 
either from the research by Irvine and Black (this vol., p. 862) 
or from that by Cooper, Haworth, and Peat (ibid., p. 876). In 
both papers, the evidence for the allocation of the two alternative 
formule (I) and (II) to maltose was based on the isolation of 2 : 3 : 6- 
trimethyl glucose obtained by the hydrolysis of completely methy]- 
ated maltose. 

As was pointed out by Charlton, Haworth, and Peat (this vol., 
footnote, p. 98), the isolation of 2:3: 6-trimethyl glucose as a 
cleavage product of a methylated disaccharide does not enable a 
final decision to be reached as to the position occupied either by 
the original biose linking or by the oxide ring in the first hexose 
residue, since the alternative positions 4 and 5 are open for the 
allocation of either of these linkings. We therefore advanced, 
although guardedly, the suggestion that a butylene or y-oxide (1 : 4) 
linking might be present in the first glucose residue in lactose and 
cellobiose, but we commented that this contingency was on the 
whole unlikely. In the later paper, we again left open this possi- 
bility in assigning a structural formula to maltose. The reason for 
this dubiety lay in our recognition of normal glucose as an amylene 
oxide and of y-glucose derivatives as butylene oxides. 

Prominence has been given by Irvine (this vol., pp. 868, 1495, 1507) 
to the tentative suggestion we made in the footnote above-mentioned, 
and in explicitly adopting this suggestion this author has asserted that 
in maltose and cellobiose different oxide rings occur in the first 
hexose residues. Thus, for maltose, Irvine and Black (this vol., 
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p. 869) also proposed the two formule (I) and (II), adding the state- 
ment, “one of which must represent cellobiose and isocellobiose, 
whilst the other must be reserved for maltose together with, pre- 
sumably, isomaltose,” ‘This view has been further expanded and 
embodied by Irvine in the structural formule recently ascribed to 
starch (Irvine and Macdonald, this vol., p. 1508) and to cellulose 
(Irvine and Robertson, this vol., p. 1496). The constitutions allo- 
cated by these authors to the polysaccharides, although admittedly 
attractive, are based on an assertion which has, in view of the 
results now submitted, failed to receive experimental support. In 
view also of the inadequate knowledge available with regard to the 
constitution of isomaltose and isocellobiose, it seemed to us to be 
premature at this stage to base a revision of the structural formulz 
of the disaccharides and polysaccharides as a class upon the existence 
of these bioses. 

We have pursued the inquiry into the constitution of maltose and 
have instituted other experimental methods with the object of 
eliminating any dubiety in the case of this disaccharide. 


CH: ‘OH 7 CH --CH-OH a 
| CH: ‘OH | CH-OH | | CH: ‘OH | CH-OH | 
Pe © CH: ‘OH 9* CH-OH 0 0 OH: oH 9% CH-OH O ies 
| — CH-OH | LOH | CH: ‘OH | 
LOH CH—— H—_  ¢H-— 
CH,-OH | CH, OH ¢ ‘H,-OH i CH,: OH 
CO. (>—CH—y CO,H i -; 
OH. OH b CH-OH b CH-OH b CH-OH b 
am) YH:OH "’ CH-OH * ¢ H-OH i CH-OH " ay.) 
¢H—-!  CH-OH | CH: -OH : CH-OH | | 
CH-OH — OH: —-- ¢H— 
CH,-OH CH,-OH CH,-OH CH,-OH 


The alternative formule (I) and (II) differ fundamentally in the 
position occupied by the biose linking. In formula (I) this linking 
engages the groups on the fourth carbon atom of the first glucose 
residue and the oxide ring is amylene oxidic; in formula (IT) the 
biose linking is attached to the fifth carbon atom of the hexose 
chain, the oxide ring then being butylene oxidic. To reach a 
conclusive result it appeared to us essential that we should eliminate 
the oxide ring from the first hexose residue in maltose in order to 
concentrate attention on the position of the biose linking. 

Maltose, on oxidation with bromine water, gives rise to malt- 
obionic acid which, at the present stage of our knowledge, would be 
formulated either as (III) or (IV). It seemed possible to decide 
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between these alternatives by adopting the device of methylation, 
followed by hydrolysis to the constituent hexose acid and sugar. 
We therefore oxidised maltose to maltobionic acid and methylated 
the calcium salt of this acid with methyl sulphate and alkali, and 
thereafter the silver salt of the methylated acid was methylated by 
methyl iodide in presence of silver oxide. The compound so 
obtained was essentially methyl octamethylmaltobionate (V or VI), 
which distilled easily ina high vacuum. The hydrolysis of this ester 
with dilute mineral acid was accompanied by the cleavage of the 
bionic linking and resulted in the isolation of a tetramethyl gluconic 
acid (VII or VIII) along with crystalline tetramethyl glucose. On 
heating, the tetramethyl gluconic acid underwent ring closure, 
giving the corresponding tetramethyl gluconolactone (IX or X). 
The exposed hydroxyl group in (VII) or (VIII) represents the 
position of attachment of the original biose linking to the first 
hexose chain in maltose, and it is seen that the solution of the 
problem rests upon the diagnosis of the tetramethyl gluconolactone 
obtained and its recognition as belonging to the y- or 3-series (IX 
or X). 


COMe  -——CH——\ O,Me ~~ “ 
‘H-OMe | te OMe | OMe | ain | 
CH-OMe 9 CH-OMe H-OMe 9 = CH-OMe & 
J dome | (H-OMe |  ¢H-OMe | 
‘H-OMe CH fe 
H,-OMe CH, OMe H,OMe H,"OMe 
Be 1 
C0,H CO CO,H co—— 
VH-OMe CH-OMe } CH-OMe ‘H-OMe b 
CH-OMe _  (H-OMe ‘ CH-OMe CH-OMe 
(H-OH — — 'H-OMe CH-OMe | 
\H-OMe CH-OMe /H-OH ‘H 
H,OMe  CH,"OMe H,-OMe H,-OMe 
(VII.) (IX.) (VITI.) (X.) 


We were in a position to decide this problem, since our earlier 
work had shown that the y- and 3-lactones of glucose differ widely 
in their rates of hydrolysis, as revealed by polarimetric changes and by 
titration during hydrolysis. The crystalline tetramethyl] lactone 
isolated from the above experiments corresponded in these respects 
with 2:3:5:6-tetramethyl y-gluconolactone, m. p. 26—27° (IX). 
Confirmation of this result was again possible in that the crystalline 
phenylhydrazide of 2: 3: 5 : 6-tetramethyl gluconic acid (VII) has a 
m. p. 134—136°, whilst the phenylhydrazide of 2: 3: 4: 6-tetramethy] 
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gluconic acid (VIII) has a m. p. 114—115°. When the tetramethyl 
gluconolactone isolated as described above from methylated malto- 
bionic ester was transformed into the phenylhydrazide, thishad a m. p. 
134—136°, and was identical in all respects with an authentic specimen 
derived from 2 :3: 5: 6-tetramethyl gluconic acid. A mixed melting- 
point determination was made with the phenylhydrazides prepared 
from (a) the above lactone from methylated maltobionic acid, (6) the 
lactone obtained by oxidation, followed by methylation, of 2 : 3: 6- 
trimethyl glucose, which we have shown to be a y-lactone (this vol., 
p. 89), and (c) the lactone obtained by oxidation of tetramethyl 
y-glucose, and in each case no depression of melting point occurred. 
The data for the recognition of the tetramethyl gluconolactone as a 
y-lactone are based on these comparisons and are supplemented by 
the following facts. 

When crystalline tetramethyl glucose is oxidised to the corre- 
sponding lactone, this is identified as 2:3: 4: 6-tetramethyl 
§-gluconolactone (X) (Chariton, Haworth, and Peat), and con- 
firmation of this result has been contributed by Hirst (this vol., 
p. 389), who has also shown by other oxidation methods that 
crystalline tetramethyl glucose is substituted in positions 2, 3, 4, 6. 
The m. p., 114—115°, of the crystalline phenylhydrazide derived 
from this 8-lactone was depressed to 104—108° in a mixture with 
the present specimen. 

Formule (V) and (VI) show that the maltobionic acid having the 
constitution (III) could alone give rise on complete methylation and 
hydrolysis to the y-lactone. On the other hand, a maltobionic acid 
of the structure (IV), giving a methylated maltobionic acid of 
formula (VI), would lead to a 8-lactone (X) identical with that 
obtained on oxidising crystalline tetramethyl glucose, but this was 
found not to be the case. 

The experimental data thus point to the allocation of formula 
(III) to maltobionic acid, and it therefore follows that, assuming no 
displacement of the biose linking either during methylation or 
during oxidation of maltose to maltobionic acid, the constitution of 
maltose should be represented by formula (I). We are at present 
engaged in applying the same method of proof to both lactose and 
cellobiose, and this work we wish to reserve. 

Meanwhile, the constitution ascribed to cellobiose (Charlton, 
Haworth, and Peat, loc. cit.; Haworth and Hirst, J., 1921, 119, 193) 
has received support from the work of Zemplén (Ber., 1926, 59, 
1254), who has degraded cellobiose (XI) first to the hexose—pentose 
(XII), which gives an osazone, and finally to a hexose—tetrose 
(XIII), and the failure of the latter to form an osazone is attributed 
by this author to the presence of the biose linking on the carbon 
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atom adjoining the reducing group, 7.e., in position 4 in the original 
cellobiose. If this experimental work by Zemplén be accepted as a 
proof of the constitution of cellobiose, then it follows, from the 
evidence given in the present paper, that maltose and cellobiose 
possess the same constitution, the two disaccharides differing only 
in a stereochemical sense. 


rCHOH -—CH—-~ -—cCH—+ 
| CH-OH Gs GH-OH | -OH-OH G H-OH | 
OCH-OH | CH-OH ° _, | GHOH | ¢H-OH ° 
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“CH -— | OH-OH os 4 
CH,OH  CH,-OH LOH, H,OH 
(XI.) att (XII.) 
- 
Q  CH-OH b 
eo) ee i a, 
|cH——! CH-OH | 
° CH-OH cH—~ 
Lou, CH,-OH 


A similar constitutional study of lactose by the same author 
(Zemplén, Ber., 1926, 59, 2402) confirms the structural formula 
we have applied to this disaccharide (Charlton, Haworth, and Peat, 
loc. cit.; Haworth and Leitch, 1918, 143, 188). 

The available evidence is thus opposed to the opinions expressed 
by Irvine (this vol., pp. 869, 1496, 1508) in his endeavour to classify 
the disaccharides and polysaccharides (starch and cellulose) on the 
basis of a difference in the positions of (a) the biose linking in maltose 
and cellobiose and (b) the oxide-ring linking in each of these 
bioses. 

EXPERIMENTAL. 

Methylation of Maltobionic Acid. Formation of Methyl Octamethyl- 
maltobionate—Pure maltose was oxidised with bromine water 
(Fischer and Meyer, Ber., 1889, 22, 1941; Glattfeld and Hanke, 
J. Amer. Chem. Soc., 1918, 40, 989), and the product isolated as 
calcium maltobionate. This was purified by solution in water and 
precipitation with alcohol, the process being repeated many times 
until reducing sugars were removed. 

The calcium maltobionate was methylated several times in 
aqueous solution with methyl sulphate and alkali, the standard 
methods employed by one of us being adopted together with the 
modifications described in the researches on amygdalin (Haworth 
and Leitch, J., 1922, 121, 1925; Campbell and Haworth, ibid., 1924, 
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425, 1340). After methylation by methyl sulphate, the acid 
product was isolated from its salt and submitted again to a similar 
methylation procedure. The partly methylated maltobionic acid 
(Found : OMe, 41-7%) was now soluble in methyl iodide and was 
further methylated three times by Purdie’s method. 

It was essential throughout this investigation to ensure that any 
material which might have undergone hydrolysis during any stage 
of the manipulation should be completely eliminated (in order to 
avoid the presence of methylated gluconolactone or gluconic ester) 
from the product which was carried on to the final stages. The 
material (15 g.) was therefore fractionated at 0-03 mm. as follows, 
and the first fraction discarded : 


Fraction I. B. p. > 155°. Weight 2 2° Og n, 1-4470. 
a3 : »  160—165°. s 2 , 14610. 
‘ III. », 167—170°. s 10-0 g. », 14638. 


The last two fractions (Found: OMe, 52-7°,) were united and 
twice re-methylated with moist silver oxide and methyl iodide 
and again with the dry Purdie reagents. The product (11 g.) 
appeared to contain heptamethyl maltobionolactone as well as 
the expected methyl octamethylmaltobionate, and failure to 
methylate it completely was attributed to the persistence of the lac- 
tone ring in the former of these constituents. 

The whole of the material was dissolved in aqueous barium 
hydroxide at 40° and kept over-night. Thereafter the excess of 
barium hydroxide was removed by admitting carbon dioxide until 
the solution was neutral. The filtrate was analysed to determine 
its barium content, and then mixed with the equivalent proportion 
of aqueous silver sulphate for the precipitation of the barium as 
sulphate, this and the subsequent operations being conducted in a 
dark room. The filtered solution was completely evaporated at 
35—40° under diminished pressure, and the residual silver salt, dried 
with methyl alcohol, was treated with a large excess of methyl 
iodide under reflux, the initial vigour of the reaction being moderated 
by cooling. Dry silver oxide and matnys iodide were penppletn 
added and the mixture was digested at 45°; the product (n° 1-4603) 
was again distilled at 0-05 mm. 


Fracti ion Ia. B. p. > 166°. Weight 0-6 ; 

”» Ila. » 170—173°. - 8-7 

The latter fraction (Found: OMe, 55-1°) was again submitted to 
three methylations, without any apparent change in boiling point 
or methoxyl content resulting, the final analytical figures being 
C, 51:5; H, 84; OMe, 55:4 (methyl octamethylmaltobionate, 
C,,H4)0,., requires C, 52:1; H, 83; OMe, 57-8%). The com- 
pound was a pale yellow, viscid liquid, having nj} 1-4620. 


ni 1-4596. 
r. .», 14609. 
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The slightly low carbon value appeared to be due to analytical 
difficulties in the combustion, since by mixing the compound intim- 
ately with fine copper oxide in the combustion tube and repeating 
the analysis, the values C, 52-15; H, 8-3% were obtained. 

Hydrolysis —The above methyl octamethylmaltobionate was 
hydrolysed by heating at 80—90° with 7% hydrochloric acid 
(c = 4-2), and showed the following polarimetric changes : [«]p + 
120-8° (initial); 110-8° (after 4 hour); 88-1° (1} hours); 70-5° 
(2-75 hours); 62-4° (3-75 hours); 57-5° (5 hours); 55-9° (6 hours); 
54-9° (7 hours, remained constant). Heating for } hour at 100° 
resulted in no further change, and there was little altcration in the 
colour of the solution during hydrolysis. 

Isolation of Hydrolytic Products.—The acids, both inorganic and 
organic, present in the hydrolysed product were converted into the 
barium salts, and water was removed from the neutralised solution 
at 30°. The residue, dried with alcohol, was digested with boiling 
ether, which removed crystalline tetramethyl glucose, this being 
definitely characterised by the usual procedure (yield, quantitative). 
The saline residue was titrated with dilute hydrochloric acid to 
liberate the organic acid from its barium salt, and after this solution 
had been evaporated at 30°/15 mm. the residual mixture of. barium 
chloride and organic acid was dried by heating at 60° in a vacuum. 
Ether extraction removed the organic portion, which was now 
chiefly a lactone (yield, 70° of the theoretical), and a further extrac- 
tion of the barium residues with chloroform gave a further yield of 
the undecomposed barium salt (about 20%) of the acid correspond- 
ing to the above lactone. 

Following a preliminary heating at 100° for } hour, the distillation 
of the lactone gave a colourless, mobile liquid, boiling constantly 
at a bath temperature of 110—115°/0-02 mm. (b. p. about 90°) 
and showing nj} 1-4490 and nj" 1-4470, which crystallised completely 
(m. p. 26—27°). 

The weight of pure distilled material showing the above constants 
represented 85°, of the total crude lactone, to which was added 
later the portion (approximately 10°) from the above-mentioned 
residual barium salt. 

The lactone showed the following polarimetric changes in water 
(c = 2): [a]js° + 60-2° (after } hour); 57-3° (2 days); 55-2° (3 days) ; 
54-2° (4 days); 51-2° (6 days); 43-1° (13 days) (Found: C, 51-0; 
H, 7:7; OMe, 52-3. C,)9H,,0, requires C, 51:3; H, 7:7; OMe, 
53-0%). 

Phenylhydrazide of 2:3:5:6-Tetramethyl Gluconic Acid.—The 
above lactone was sone with the equivalent weight of phenyl- 
hydrazine in ether, the ether evaporated, and the residue heated at 
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100° for 5 minutes; it then solidified completely to a hard cake of 
colourless crystals. ‘These were washed with ether, weighed (yield, 
quantitative), and purified from ether: m. p. 134—136° and 
re-melted at 135° after solidifying (Found: C, 55-8; H, 7-7; N, 8-2; 
OMe, 35:0. Calc.: C, 56-1; H, 7-6; N, 8:2; OMe, 36-3%). 

The crystals of the phenylhydrazide were identified by m. p. 
determinations in admixture with each of the specimens of tetra- 
methyl y-gluconolactone prepared from (a) tetramethyl y-glucose by 
oxidation with bromine water; (b)-2:3:6-trimethyl glucose by 
oxidation to 2: 3: 6-trimethyl y-gluconolactone, which on methyl- 
ation gave the 2:3: 5: 6-tetramethyl lactone (Charlton, Haworth, 
and Peat, this vol., p. 100). In each case there was no depression. 
For the purposes of this comparison the specimens prepared by 
the above authors were recrystallised several times (m. p. 134—136°). 
Among the residual portions of acid or lactonic products a search 
was made for the presence of a lactone which might give the 
phenylhydrazide of 2:3:4:6-tetramethyl gluconic acid (m. p. 
114—115°), but no trace of this was discovered. A minute quantity 
of what appeared to be a trimethyl gluconolactone was, however, 
detected. There appeared to be no possibility of the presence of 
any tetramethyl lactone other than that described as 2:3: 5: 6- 
tetramethyl y-gluconolactone. 


The authors are indebted to the Department of Scientific and 
Industrial Research for a maintenance grant to one of them. 
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CCCCXVII.—The Chemistry of the Three-carbon System. 
Part X. The Mobility of Some Cyclic Ketones. 


By GrorcE ARMAND Ropert Kon and Joun Henry NUTLAND. 


In our studies on compounds containing a potentially mobile 
three-carbon system we have investigated a group of ketones 
analogous to cyclohexenylacetone (Part I, J., 1923, 123, 1363) in 
which the ketone group forms part of a ring of five or six carbon 
atoms. The compounds examined include cyclohexenylcyclo- 
hexanone (I), cyclopentylidenecyclopentanone (II), isopropylidene- 
cyclopentanone (III), camphorphorone (IV), pulegone (V), and 
isopulegone (VI). 

CH,-CHy CO—-CH.~ CH,°CH\ ~-~j~CO—-CH, 
CBS CR CH, CCHS oy OH Oo cH CO< ou car 


(I.) (IT.) 
5n2 
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«x~CO—-CH. «~-CO—-CHMe jy 
(III.) CMe,:C : Me,: i IV. 
CMesC< ort CH, ae 
-x—CO—-CH ° CO—-CH 
‘Me,.C 2 >CHMe H,:CMe:CH 2 
CMe, a HCH.” Me  CH,:CMe-CH< CH, a 
(V.) (VI.) 


From theoretical considerations, it was to be expected that the 
chemistry of these compounds would not differ fundamentally 
from that of the corresponding methyl ketones. This isso; e.9., 
all the ketones can react in the «$-form because they condense 
with ethyl sodiocyanoacetate; on the other hand, they can be 
alkylated on the «-carbon atom through their sodio-derivatives, 
which are necessarily derived from the By-phase. 

There are, however, several points of interest in their chemistry. 
The first is the characteristic difference in the point of equilibrium 
of the compounds (I) and (II). The former has ordinarily the 
By-structure as shown by its normal molecular refraction and its 
behaviour on oxidation (compare Wallach, Annalen, 1911, 381, 
95), whereas the latter is stable in the «8-form—it shows an exalt- 
ation of the molecular refraction and gives cyclopentanone on oxid- 
ation. The difference is undoubtedly connected with the greater 
tendency of the six-membered ring to acquire a double bond, which 
stabilises the ®y-form. A similar difference has already been 
recorded in another series (Kon and Speight, this vol., 2727). 

Another important feature is the ready conversion of the com- 
pounds (III) and (IV) into alkyl derivatives, the double bond 
moving into the #y-position with the production of the group 
CH,:CMe‘CR<. Up to the present, great difficulty had been 
experienced in obtaining ®y-derivatives from potentially mobile 
compounds in which the y-carbon atom was not substituted, such 
as mesityl oxide (Kon, this vol., p. 1574) and dimethylacrylic acid 
(Kon and Linstead, J., 1925, 127, 616). All the alkylated ketones 
have a lower density than the parent ketones (compare also Farrow 
and Kon, this vol., p. 2128). 

The most interesting observation relates to pulegone and 
isopulegone. Like the ketones (III) and (IV), both are readily 
methylated giving the same ketone (VII), which is a derivative of 
isopulegone : 

CH,-CH?>CHMe (V1. 
C(OH):CH 
CH,—CH, 


CH,:CMe-CMe< 


CH,:CMe-CH< >CHMe (VIII) 


The sodio-derivative is not derived from either of the enols of the 
type (VIII) prepared by Grignard (Compt. rend., 1926, 182, 422) 
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from both pulegone and isopulegone; otherwise the methyl group 
would enter the position 6 and two different ketones would be 
produced. 

This conclusion is supported by the observation that the dextro- 
rotatory pulegone and the dextro- or levo-rotatory isopulegone 
(according as the natural or the synthetic ketone is employed) 
give the same strongly levorotatory methyl or ethyl derivative. 
The latter is formed from a sodio-derivative common to both ketones 
and containing only one asymmetric carbon atom. The varying 
optical activity of isopulegone is presumably due to the second 
asymmetric carbon atom which it contains. On the other hand, 
both pulegone and isopulegone condense with ethyl cyanoacetate 
with equal readiness to give the same condensation product, so 
that these ketones are analogous to the two ketones described by 
Kon and Linstead (J., 1925, 127, 815) in exhibiting retarded 
mobility; that is, whilst they are quite distinct and give rise to 
distinct derivatives, they become interconvertible in the presence 
of a reagent such as sodium ethoxide. The observation is of even 
greater interest when it is remembered that both pulegone and 
isopulegone occur in nature. Indeed, there can be little doubt 
that tautomerism of the three-carbon or ring-chain type accounts 
for many of the changes observed in the terpene group. 

The semicarbazones of the compounds (I) and (II), like those of 
cyclopentenyl- and cyclohexenyl-acetone, occur in two forms; they 
probably differ in the position of the double bond, i.e., represent 
the two individuals composing the liquid equilibrium mixture of 
ketones. The amount of the second form is generally small except 
in the case of cyclopentenylacetone (Kon, J., 1921, 149, 810). In 
this ketone the «8-form should be favoured for the reason given 
on p. 3102 and the liquid equilibrium mixture should contain an 
appreciable quantity of it. This would account, not only for the 
comparable quantities of the two semicarbazones obtained, but 
also for the unusually high molecular refraction observed. The 
ketones regenerated from the pure semicarbazones (which, being 
crystalline solids, must have definite structures) again give a 
mixture on recombining with semicarbazide. Ketones such as 
camphorphorone, which give only one semicarbazone, may consist 
of one form only, like Kon and Linstead’s ketones and pulegone 
and isopulegone; or the equilibrium may be very much on one 
side. : 

The condensation of three compounds of this series with ethyl 
sodiocyanoacetate is abnormal: Vorlinder (Annalen, 1906, 345, 
158) found that pulegone gave an unsaturated cyano-lactone (X), 
formed by loss of alcohol from the expected cyano-ester (IX); 
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the same substance has now been obtained in equally good yield 
from isopulegone, and with the ketone (I) an analogous reaction 
takes place. It is remarkable that the cyano-esters of type (IX) 
derived from the other ketones (all belonging to the cyclopentane 
series) do not undergo internal ring formation and can be readily 
converted into the corresponding acetic acids (XI) on alkaline 
hydrolysis. The reason for this difference must be sought in the 
spatial effect of the cyclohexane ring. 


CN-CH:CO,Et CN-CH:CO-O CH,-CO,H 
CO As AO: 
>C—CH-CH,: >C—C-CH,» >C—CH-CH, 
(IX.) (X.) (XI.) 


EXPERIMENTAL. 
2-Al-cycloHexenyleyclohexanone (I). 


The ketone was prepared in 80% yield as described by Wailach 
(Ber., 1907, 40, 70) and was purified by steam distillation before 
the final distillation under reduced pressure. 

Semicarbazone. The recorded m. p.’s differ considerably ; indeed, 
Brown and Ritter (Ber., 1922, 55, 3798), who isolated a semi- 
carbazone, m. p. 191°, considered that their ketone was an isomeride 
of Wallach’s, the semicarbazone of which melted at 179—181°. 
We have found that preparations of varying melting point were 
obtained owing to the presence, although in small amount, of a 
second form of the semicarbazone. The crude semicarbazone was 
prepared by adding 24 g. of the ketone in 200 c.c. of alcohol to a 
hot solution of 22 g. of semicarbazide hydrochloride and 35 g. of 
sodium acetate in 50 c.c. of water; the solid was collected after 12 
hours, and a further quantity obtained by adding water to the 
mother-liquor. The dried solid was ground with light petroleum 
and extracted with boiling benzene. The residue, m. p. about 
194°, was sparingly soluble in ethyl or methyl alcohol, benzene, 
acetone, or ethyl acetate and was best crystallised from the first 
or the last, being thus obtained in sparkling plates of constant 
m. p. 200—201° (Found: C, 66-7; H, 8-8. Calc. for C,,H,,ON; : 
C, 66-4; H, 8-9%). 

The benzene extract, on cooling, deposited a solid from which a 
certain amount of the semicarbazone, m. p. 200—201°, could be 
isolated ; in addition, it contained a more soluble compound (about 
2% of the total semicarbazone isolated) which crystallised from 
benzene and had m. p. 172° (Found: C, 66-5; H, 9-0%). 

The ketone regenerated from the pure, high-melting semicarb- 
azone by means of oxalic acid (this was used throughout this work) 
had b. p. 145°/17 mm., di?" 1-00404, nj” 1-50692, [Rz]> 52-81 


i i, we 


THE CHEMISTRY OF THE THREE-CARBON SYSTEM. PART xX. 3105 


(calc., 52-92). On reconverting it into the semicarbazone a mixture 
of the two forms, m. p. 200—201° and 172°, was once more obtained 
which could be separated as described above. 

Oxidation. The pure ketone dissolved in dry chloroform was 
treated with ozone until absorption ceased. The ozonide was freed 
from chloroform under reduced pressure and boiled with water; 
on distillation in steam no volatile products were obtained. From 
the product, ether extracted adipic acid, which melted at 151° 
after two crystallisations from hydrochloric acid (yield, 3 g. from 
5 g. of ketone). A better yield (4-5 g.) was obtained by conducting 
the ozonisation in the presence of water; no other products were 
isolated, although a special search was made for cyclohexanone 
which could have resulted from the oxidation of the «$-form of 
the ketone. 

Methylation. The ketone was treated with methyl iodide and 
“molecular ”’ sodium in ether (Kon, this vol., p. 1572). The ketone 
isolated boiled in part somewhat higher (146—152°/15 mm.) than 
the original ketone. The higher fraction was converted into the 
semicarbazone, which was ground with petroleum and thrice crystal- 
lised from alcohol; it then melted constantly at 204° and depressed 
the m. p. of the semicarbazone of the parent ketone (Found: C, 
67:3; H, 9-4; N, 16-6. C,,H,,ON, requires C, 67-4; H, 9:3; 
N, 16:8%). The yield was about 15%. 

2-Methyl-2-A}-cyclohexenylcyclohexanone regenerated from the 
semicarbazone had b. p. 150°/18 mm., d/?* 0-98804, ni%*" 1-50320, 
[RzJpv 57-51 (calc., 57-52). Its constitution was confirmed by oxid- 
ation with ozone. The ozonide was warmed with water for an 
hour and the oily product was isolated by means of ether and 
treated with semicarbazide. After 12 hours, the semicarbazone 
was collected and recrystallised twice from alcohol; it had m. p. 
145—146° and was evidently derived from 3-acetylvaleric acid 
(Found: C, 47-7; H, 7:4. Cale.: C, 47-8; H, 75%). The 
filtrate from this semicarbazone contained adipic acid. 

Ethylation. Attempts to ethylate cyclohexenylcyclohexanone 
under various conditions failed. 

Condensation with ethyl sodiocyanoacetate. No condensation 
product could be obtained with ethyl sodiomalonate, and only a 
very small quantity of th: ‘rile (see below) with ethyl sodio- 
cyanoacetate in alcoholic se.uion. The ketone (18 g.) was then 
heated for 24 hours with ethyl sodiocyanoacetate (1/10 mol.) pre- 
pared from “ molecular ” sodium in 100 c.c. of benzene. The cold 
mixture was poured into water and extracted with ether. The extract 
was distilled, 10 g. of the original ketone and 2 g. of a fraction, 
b. p. 200—260°(decomp.)/60—-70 mm., being obtained; this frac- 
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tion solidified on cooling. A further 4 g. of the same substance 
were obtained on acidifying the aqueous solution obtained above 
and allowing it to stand for some time. The solid (27% yield) 
crystallised from alcohol or from benzene-petroleum in cubes, 
m. p. 112°, and was the cyanolactone of type (X) (Found: C, 73-7; 
H, 8-1; N, 5-9. C,,H,,O,N requires C, 73-4; H, 7-8; N, 5-7%). 
The same yield of the cyanolactone was obtained from the ketone 
recovered from a previous condensation and from the ketone 
regenerated from the pure semicarbazone. The compound resembles 
Vorlinder’s pulegone derivative (g.v.) in every respect. It dis- 
solves in alkalis on warming and the solution rapidly becomes 
cloudy with the regeneration of cyclohexenylcyclohexanone. 

It was recovered unchanged after boiling for 2—3 hours with 60% 
sulphuric acid. A solution of it in excess of the concentrated acid 
was warmed to about 50°, left for 3 days, and poured into ice- 
water. The precipitate was collected, dried, and recrystallised 
alternately from benzene and dilute alcohol, being finally obtained 
in long needles, m. p. 166°; the compound was nitrogenous and 
appeared to be an imide (Found: C, 67-4; H, 9-5; N, 63. 
C,,H,,ON requires C, 67-7; H, 9-7; N, 6.4%). 


2-cycloPentylidenecyclopentanone (II). 


The ketone can be prepared in about 30% yield by either of the 
methods used by Wallach (Ber., 1896, 29, 2963); a 38% yield is 
obtained by using sodium ethoxide freed from alcohol under 
reduced pressure. 

Semicarbazone. This compound was prepared and separated 
into two forms exactly as described on p. 3104. The less soluble 
form, after repeated crystallisation from ethyl and methyl alcohol, 
benzene, acetone, and ethyl acetate, formed plates, m. p. 223°, 
but darkening below this temperature (Found: C, 63-5; H, 8-2. 
C,,H,;ON, requires C, 63-8; H, 8-2%). The more soluble form 
had m. p. 207° (Found: C, 63-7; H, 8-2%). The proportion of 
the higher- and the lower-melting form isolated was about 20: 1. 

The ketone regenerated from the pure, high-melting form had 
b. p. 135°/25 mm., di?” 1-01787, n§* 1-52145, [Rz]p 44:95, in 
good agreement with Wallach’s figures. The pure ketone gave a 
mixture of the same two semicarbazones, in the proportion of 20 : 1, 
when treated with semicarbazide. 

Oxidation. This was carried out by means of ozone as before. 
The steam distillate contained a considerable quantity of cyclo- 
pentanone, which was isolated by means of ether and identified 
in the form of its semicarbazone. The residue from the steam dis- 
tillation contained glutaric acid, m. p. 97°, which was identified by 
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direct comparison with a genuine specimen. These two products 
establish the «$-formula of the ketone. 

Ethylation. Attempts to ethylate the ketone in the presence of 
sodium. ethoxide were unsuccessful, but the reaction proceeded 
well with “‘ molecular ” sodium. The sodio-derivative was usually 
prepared in ethereal solution so as to avoid polymerisation; the 
ether was then distilled off and replaced by benzene before the 
addition of ethyl iodide. A considerable amount of the ketone 
isolated boiled at 140—150°/25 mm. The semicarbazone prepared 
from this fraction melted, after crystallising successively from 
alcohol, acetone, and alcohol, at 202°; it depressed the melting 
points of the semicarhazones of the parent ketone (Found : C, 66-4; 
H, 8-9; N, 17-6. C,,H,,ON, requires C, 66-4; H, 8-9; N, 17-:9%). 
The yield was 35%. 

The ketone, 2-ethyl-2-A!-cyclopentenylcyclopentanone, regenerated 
from it had b. p. 140°/22 mm., d?* 0-983385, nF 1-49756, [Rz]p 
53-07 (calc., 52-92). It was oxidised with ozone in chloroform 
solution, the ozonide decomposed with hot water, and the product 
distilled in steam. The residue contained glutaric acid (m. p. 97° 
after recrystallisation), whilst the volatile fraction contained 
2-ethyleyclopentanone, which was identified by means of its semi- 
carbazone, m. p. 177° (Best and Thorpe, J., 1909, 95, 713) (Found : 
C, 56-6; H, 8:8; N, 24-6. Cale.: C, 56-8; H, 8-9; N, 249%). 
These products were not those primarily formed, and if the ozonide 
was decomposed by means of cold water the greater part was con- 
verted into an oily aldehyde which was readily oxidised to the 
corresponding acid by silver oxide. This acid doubtless had the 

CH,°CO ' , 
structure CH <cy, , CO-(CH,),°CO,H as it broke up into 
Sathglaplogestences and glutaric acid on merely boiling with 
water; it was too unstable to isolate in a pure state. 

The ethylation of cyclopentylidenecyclopentanone was repeated 
with a specimen of the ketone regenerated from the semicarbazone ; 
the same yield of the ethylation product was obtained. 

Condensation with ethyl sodiocyanoacetate. This was carried out 
as described on p. 3105. The neutral reaction product contained, 
in addition to higher-boiling oils which were not investigated, a 
fraction, b. p. 164—165°/20 mm., omeettnn of a cyano-ester of 
the type (X) which was isolated in 10% yield (Found: C, 68-9, 
68-8; H, 8-1, 8-1. C,;H,,O,N requires C, 68-4; H, 80%). Only 
a small quantity of acid material was produced in this reaction and 
this could not be purified. 

The cyano-ester (3 g.) was boiled with baryta (15 g. in 75 c.c. of 


water) for 2 hours and the sparingly soluble barium salt produced 
5 N* 
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was collected and decomposed with ice-cold hydrochloric acid. The 
acid (type XI), isolated by means of ether, formed octahedral 
prisms, m. p. 135°, from acetone-benzene (Found : C, 68-4; H, 8-6. 
C,.H,,0, requires C, 68-6; H, 86%). The semicarbazone formed 
needles, m. p. 197°, from alcohol (Found: C, 61:0; H, 81. 
C,3H,,0,N, requires C, 61-2; H, 8-2%). 


2-isoPropylidenecyclopentanone (III). 


The ketone was prepared as described by Wallach (Annalen, 
1912, 394, 362); the use of dry sodium ethoxide was not found 
advantageous. 

Semicarbazone. This was prepared and treated as before, but 
in spite of a careful search only one form was obtained, crystal- 
lising from’ methyl alcohol in large plates which became opaque 
on keeping; m. p. 217—218°. The ketone regenerated from it 
had b. p. 92°/20 mm., di?* 0-96704, nif* 1-49680, [Rz]p 37-70 
(cale., 36-61). 

Oxidation. The ozonide of this ketone gave, on decomposition, 
acetone (semicarbazone, m. p. 187°) and glutaric acid, m. p. 97°, 
which were identified in the usual ways. 

Ethylation. This was carried out as described on p. 3107. Almost 
the whole of the ketone isolated boiled at 98—102°/22 mm., the 
yield of the new ketone being 90%. The semicarbazone formed 
stellate clusters of needles, m. p. 199°, from alcohol (Found: C, 
63°3; H, 9-0. C,,H, ON, requires C, 63-2; H,9-1%). The ketone, 
2-ethyl-2-isopropenylcyclopentanone, regenerated from it had b. p. 
97—98°/20 mm., di" 0-94132, nj?” 1-47892, [Rr]p 45°84 (calc., 
45-85). The structure of the ethylated ketone was established by 
oxidation with ozone in acetic acid solution by the method of 
Grignard (Compt. rend., 1923, 177, 669); the formation of formic 
acid was confirmed by the usual tests. The acetic acid solution 
was concentrated in a vacuum and then treated with semicarbazide, 
the semicarbazone of a ketonic acid being obtained; after three 
crystallisations from alcohol, it formed plates, m. p. 141—142° 
(Found : C, 52-3; H, 8-4. OC, )H,,0,N, requires C, 52-4; H, 8-3%). 
The acid was doubtless 3-acetylheptoic acid (Blaise and Kohler, 
Compt. rend., 1909, 148, 1403). 

Condensation with ethyl sodiocyanoacetate. This was carried out 
as before. The cyano-ester, formed in 15% yield, had b. p. 135°/20 
mm. (Found: C, 65-3; H, 8-0. C,3H,,0,N requires C, 65-8; 
H, 8-0%). On hydrolysis with baryta the ester yielded an acid 
(type XI) which crystallised from acetone-petroleum in long 
needles, m. p. 133° (Found: C, 65-4; H, 8-6. C, 9H,,0, requires 
C, 65-2; H, 8-7%). 
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Camphorphorone. 


The ketone was prepared in 40% yield by the method of Wallach 
and Collman (Annalen, 1904, 331, 320) in the apparatus described 
by Day, Kon, and Stevenson (J., 1920, 117, 639). 

Semicarbazone. This derivative was formed very slowly, the 
mixture of ketone and semicarbazide being kept for 2 weeks before 
the first crop of semicarbazone was collected; further quantities 
separated when the mother-liquor was gradually diluted. The 
semicarbazone appears to exist in one form only, plates, m. p. 197— 
198° (Wallach and Collman, loc. cit.). The pure ketone regenerated 
from it had b. p. 87—88°/14 mm., djf* 0-93722, n§* 1-48511, 
[Rz]p 42-28 (calc., 41-23). The pure ketone combines rapidly with 
semicarbazide. 

Oxidation. Oxidation with ozone gave acetone (semicarbazone, 
m. p. 187°) and «-methylglutaric acid, m. p. 77—78° (Found: C, 
46:1; H, 6-5. Cale.: C, 46-1; H, 64%). 

Ethylation. This operation was carried out as described on 
p. 3107. The semicarbazone of the ethylated ketone was obtained 
in 50% yield; the yield of ketone was doubtless higher. The 
semicarbazone crystallised from alcohol in stellate clusters of needles, 
m. p. 184° (Found: C, 64-4; H, 9-3. C,,H,,ON, requires C, 64-6; 
H,9-4%). The ketone, 5-methyl-2-ethyl-2-isopropenylcyclopentanone, 
regenerated from it had b. p. 95—96°/16 mm., dj?” 0-91131, ni” 
1-46533, [Rz]p 50°46 (calc., 50-47). The ketone was oxidised with 
ozone in acetic acid in the same way as the lower homologue. 
Formic acid was isolated, and a ketonic acid in the form of its 
semicarbazone, which crystallised from alcohol in plates, m. p. 147— 
148° (Found: C, 54:2; H, 8-7. C,,H,,0,N, requires C, 54-4; H, 
8-7%). The parent acid was doubtless 3-acetyl-«-methylheptoic acid. 

Condensation with ethyl sodiocyanoacetate. Camphorphorone does 
not condense with ethyl sodiomalonate according to Vorlander 
(loc. cit.). The reaction with ethyl sodiocyanoacetate proceeded 
normally; the cyano-ester was not purified, the fractions 96— 
140°/15 mm. and 140—200°/15 mm. being directly hydrolysed with 
baryta to the nitrogen-free acid (type XI), which formed long 
needles, m. p. 135°, from acetone—benzene (Found : C, 66-5; H, 9-2. 
C,,H;,0, requires C, 66-7; H, 9-1%). The total quantity of acid 
obtained represented a 30% yield of condensation product. 


Pulegone. 


The ketone isolated from oil of pennyroyal by the bisulphite 
process had b. p. 99°/14 mm. and [«]p + 20°8°. 
The semicarbazone prepared from it consisted of one substance 


only and formed clusters of needles, m. p. 172°, after two crystal- 
5N*2 
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lisations from alcohol. A specimen of the ketone regenerated from 
it had b. p. 99°/14 mm., di?” 0-93712, nj” 1-48803, [Rz]p 46-78 
(cale., 45-81) and [«], + 22-1°. On oxidation with ozone in chloro. 
form solution, acetone and $-methyladipic acid, m. p. 94°, were 
obtained. 

Methylation. This operation was carried out in ethereal solution 
with “‘ molecular sodium,” and a yield of about 50° of an oil, 
b. p. about 109°/20 mm., obtained after two distillations. The 
semicarbazone separated from alcohol in fine needles, m. p. 203— 
204° (Found: C, 64-5; H, 9-5. C,.H,,ON, requires C, 64:5; H, 
9-5%). The ketone, 2 : 5-dimethyl-2-isopropenylcyclohexanone 
2-methylisopulegone) (VII), had b. p. 108°/19 mm., dj** 0-92081, 
nis* 1-47163, [Rz|p 50-51 (cale., 50-47), and [«]p (in alcohol) —122-1°. 

The ketone was oxidised with ozone in acetic acid solution, 
formic acid and ¢-acetyl-8-methylheptoic acid (Léser, Bull. Soc. 
chim., 1901, 25, 199) being obtained; the latter was isolated as 
its semicarbazone, which formed plates, m. p. 166—168° from 
dilute alcohol (Found: C, 54:2; H, 8-7. C,,H,,0,N, requires 
C, 54:3; H, 8-7%). 

Ethylation. This was carried out as before; the yield appeared 
to be about 40%. The semicarbazone of the new ketone was 
obtained in clusters of needles, m. p. 207—208° (Found: C, 65-7; 
H, 9-8. C,,H,,ON, requires C, 65-9; H, 9-7%). The ketone, 
5-methyl-2-ethyl-2-isopropenyleyclohexanone, regenerated from it 
had b. p. 110°/15 mm., dj3? 0-90362, nj?" 1-46433, [Rz]p 55-05 
(cale., 55-09), and [«]p (in alcohol) — 174-0°. 

Condensation with ethyl sodiocyanoacetate. This operation was 
carried out as before; both the neutral and the acid portion of the 
condensation product gave, on distillation, Vorlinder’s compound, 
m. p. 78°, the total yield being 42% (Found: C, 70-9; H, 7:8. 
Cale.: C, 71-2; H, 7-8%). Like the compound described on 
p. 3106, it forms, on treatment with sulphuric acid, an imide which 
forms needles, m. p. 129°, from alcohol and appears to be isomeric 
with the compound prepared by Vorlinder (loc. cit., p. 196) 
(Found: C, 74:5; H, 9-9; N, 7:2. Cy.H ON requires C, 74-6; 
H, 9-9; N, 72%). 

isoPulegone. 

This ketone was prepared both from oil of pennyroyal and from 
pulegone hydrobromide. The crude ketone obtained from the latter 
source had b. p. 102—103°/16 mm., d?* 0-92761, nf“ 1-46250, and 
[«]> — 10-7°. A specimen obtained from oil of pennyroyal had 
b. p. 100—105°/17 mm., d}3* 0-91024, np 1-46470, [Rz]p 46-18, and 
[«]p -+ 36-7°. Both formed a semicarbazone crystallising in needles, 
m. p. 174°. 
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Methylation. This proceeded exactly as in the case of pulegone ; 
the yield of the fraction, b. p. 104—107°/16 mm., was above 50%. 
Both natural and synthetic isopulegone gave a strongly levo- 
rotatory product from which the same semicarbazone, m. p. 203— 
204°, identical with that obtained from pulegone, was prepared. 
A small specimen of the ketone regenerated from it gave [«]p in 
alcohol — 122-6°. 

Condensation with ethyl cyanoaceiate. The compound, m. p. 78°, 
obtained was identical with the compound prepared from pulegone ; 
the yield was about the same in the two cases. 


The authors’ thanks are due to the Royal Society and the 
Chemical Society for grants which have defrayed the expense of 
this investigation. 
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CCCCXVIII.—The Mechanism of Kolbe’s 
Electrosynthesis. 
By Davin ALEXANDER FAIRWEATHER and OSWALD JAMES WALKER. 


StncE Kolbe’s discovery of the production of ethane at the anode 
during the electrolysis of a solution of potassium acetate (Annalen, 
1849, 69, 279), many investigations have been made with a view to 
determine the nature of the undoubtedly complex process involved. 
Two rival theories have emerged: (1) The “ oxidation ”’ theory, 
which supposes that all the discharged anions react with water to 
give the acid, which is then oxidised by atomic oxygen to the 
synthetic product; and (2) the “discharged ion” theory, which 
supposes that two discharged anions unite directly. The following 
equations represent these reactions : 


(2CH,:CO-0- + H,O = 2CH,CO,H+0.... . @) 
\2CH,-CO,H + O = CH,CH, + 2C0,+H,O . . . (a 
2CH,CO-O- = CH,CH, +2C0,. . ... . . (b) 


In two recent contributions to this subject (Gibson, J., 1925, 
127,475; Robertson, ibid., p. 2057) it is claimed that the oxidation 
theory has been proved to hold; not only for the ethane synthesis, 
but also for the Crum Brown and Walker synthesis of dibasic acids. 
The conclusions drawn in these papers do not seem to be entirely 
sound, and, moreover, fresh experimental evidence has now been 
obtained which demonstrates beyond all doubt that synthesis is 
due solely to the direct interaction of the discharged ions. 
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Concerning the intrinsic probability of the oxidation theory, it 
must be admitted that it would be somewhat surprising if the 
carboxylic hydrogen atom of a fatty acid were attacked by an 
oxidising agent in preference to the hydrogen atoms of the hydro- 
carbon residue, since one is accustomed to regard a carboxyl group 
as being very stable towards oxidising agents. The oxidation 
theory, in fact, could scarcely have been considered seriously had 
it not been shown by Gordon (J. Physical Chem., 1914, 18, 55) 
that comparatively large quantities of ethane and methane are 
formed when acetic acid is oxidised in dilute solution and at a 
moderate temperature with potassium persulphate. 

Referring to the well-established fact that an anode of smooth 
platinum must acquire a definite potential before any appreciable 
quantity of ethane is formed, Gibson deduces that at this potential 
either (a) the acetate ion is first discharged, or (b) the acetic acid, 
in becoming oxidised to ethane, begins to act as a depolariser. 
This view requires some modification, since the so-called “ dis- 
charging potential ” of organic anions must, in reality, be a depolaris- 
ation potential. It may be assumed that the first reaction at the 
anode, viz., the neutralisation of the electric charges on the ions, 
takes place with infinite velocity. Any subsequent chemical 
reactions in which the discharged ions may be involved, will, 
however, take place with a finite velocity dependent on the con- 
centration of the reacting substances and on the temperature. Thus, 
no matter what views may be held as to the mechanism of ethane 
formation, there must necessarily exist in the neighbourhood of 
the anode an accumulation of the unstable substance CH,°CO-0:. 
Some at least of these discharged ions react with water, giving 
atomic oxygen. We thus have two unstable products at the anode, 
either of which may cause a back H.M.F. The point in the anode 
potential-current curve at which the current begins to increase 
rapidly is therefore the point at which these substances have 
attained concentrations sufficiently high to allow of their being 
removed with appreciable rapidity. This depolarisation may 
conceivably be effected in five ways: 


)0+0=0,. 
2) 2CH,CO,H +- O = CH,°CH, + 2CO, + H,0. 
3) CH,-CO,H + 40 = 2C0, + 2H,0. 

4) 2CH,-CO-O- +70 = - 400, + 3H,0. 
5) 


(1 
( 
(: 
( 
( 9CH,-CO-0: - = CH,°CH, Bs 2CO,. 


Gibson’s second alternative is therefore capable of extension, and 
his conclusion that the particular reaction studied, viz., the form- 
ation of trichloromethy] trichloroacetate, is an oxidation reaction 
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can scarcely be held as valid, since it is largely based on the fact 
that the potential at which this ester was observed to be first formed 
is not the discharging potential of the trichloroacetate ion. 

Both Gibson and Robertson record a sharp fall in the amount of 
oxygen evolved in unit time at or about the synthetic potential, 
and entirely upon this evidence Robertson bases his conclusion 
that the synthesis of ethyl succinate is an oxidation reaction (loc. 
cit., p. 2064). Such a fall was not observed by us. In any case, 
if equations (a) and (a’) be added together, equation (b) is obtained, 
i.e., the amount of oxygen liberated must be independent of the 
mode of ethane formation. On either theory, the net result evidently 
is that one molecule of ethane is produced from two discharged ions 
without either liberating or using up any oxygen. The amount of 
evolved oxygen depends on the concentration of active oxygen at the 
anode, since it is produced by the reaction O + O=O,. If with 
rising anode potential the amount of oxygen evolved in unit time 
decreases, the concentration of atomic oxygen must also be decreas- 
ing; but since the anode potential is rising, it cannot be the atomic 
oxygen alone which is responsible for the back #.M.F. observed— 
this must also be due to the discharged ions themselves. 

Since the oxidation theory involves the partial oxidation of the 
acid, it is of interest to inquire to what extent complete oxidation 
to carbon dioxide and water takes place. Murray (J., 1892, 61, 
34) pointed out that the readiness with which complete oxidation 
takes place is inconsistent with the oxidation theory. From 
Robertson’s figures it may be shown that about 30 to 40% of the 
oxygen developed at the anode is used for complete oxidation 
between the potentials of 2-02 and 2-30 volts, i.e., before any 
synthesis commences. This theory therefore requires the extremely 
unlikely assumption that partial oxidation necessitates a higher 
potential (and therefore greater concentrations of reacting materials) 
than complete oxidation. 

No positive evidence whatever would therefore appear to have 
been put forward in support of the oxidation theory. On the 
other hand, the recent work of Salauze (Bull. Soc. chim., 1925, 37, 
522), who obtained good yields of ethane by electrolysis of a 
methyl-alcoholic solution of an acetate, proves that under these 
conditions the discharged ions do indeed interact directly. 

In order to collect further data bearing upon the phenomenon 
of electrosynthesis, the electrolysis of solutions of acetates and 
propionates has been studied with regard to the effect of concen- 
tration and temperature of the solution, current density, anode 
potential, nature of solvent, and material of anode. 
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EXPERIMENTAL. 


The apparatus used was of the same type as that employed by 
Gibson and by Robertson. The anode and cathode gases were 
collected together and transferred to a Bone and Wheeler gas- 
analysis apparatus by means of a Dittmar pipette filled with 
mercury. A complete analysis of each gas sample was made. The 
potentials given are on the hydrogen standard, and were obtained 
by calculation after direct comparison with a normal calomel 
electrode. 

Experiments with Solutions of Potassium Acetate——All acetate 
solutions were made N with respect to the free acid to prevent 
the solution becoming alkaline during the course of an experiment. 
N-Potassium acetate solution was electrolysed, three anodes of 
smooth platinum of different sizes being used with the same smooth 
platinum cathode. From Fig. | it will be seen that the values of 
C.D. and anode potential for all three anodes can be represented 
on one smooth curve, and that the ratio of ethane to hydrogen 
increases regularly with increasing anode potential independently 
of the size of the anode. Murray states (loc. cit., p. 25) that 
“* although the yield of ethane is increased by increasing the current 
or by employing a smaller anode, the variation is not to be accounted 
for by a change in current density alone. There are apparently 
some other factors influencing the electrolysis.” The factor which 
Murray neglected appears to be the anode potential: between the 
limits of 2-7 volts, below which no formation of ethane takes place, 
and 3-0—3-1 volts, above which the yield of ethane can no longer 
be increased, the amount of ethane formed does increase with the 
C.D. When, however, the ethane : hydrogen ratio has reached its 
maximum value of nearly 0-9, the C.D. can be increased enormously 
without affecting the yield of ethane. 

An increase in the concentration of the electrolyte scarcely 
affects the formation of ethane above 2-7 volts, as will be seen 
from the data obtained with a 3N-solution, which are shown 
graphically in Fig. 2. Ethane formation takes place, however, at 
somewhat lower anode potentials the more concentrated the solu- 
tion, as is shown in Table I. 


TABLE I 
RII oo Svcbeceueecccccuveeevewes 3N 4N 5N 
Aarothe POCCTHAAR) 0.0.5.5 ses00dsescecees<s 2-68 2-66 2-62 
RE i isrdicohtosanvrdnacceeninecdseneee 0-11 0-11 0-12 


The values of C.D. and of the ethane : hydrogen ratio for the 
two concentrations of acetate have been plotted against one another 
in Fig. 3. Up to C.D.’s of about 20 milliamp./sq. cm. the ratio 
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increases rapidly. These results indicate that a certam minimum 
concentration of discharged ionic products is necessary before any 
appreciable formation of ethane takes place. 

A N-solution of potassium acetate was also electrolysed at 
50° and 95°, the electrolysis cell being immersed in thermostats 
kept at these temperatures: an increase in temperature did not 
greatly influence the P.D. at which ethane formation commenced ; 
as will be seen, however, from Fig. 2, the amount of ethane formed 
is less at the higher temperatures. 

Experiments with Solutions of Potassium Propionate-—Preuner 
and Ludlam (Z. physikal. Chem., 1907, 59, 682) showed that with 
a 0-5N-solution of potassium propionate a polished platinum anode 
must acquire potentials of 2-58 volts and 2-70 volts, referred to a 
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(The right-hand scale of ordinates represents the ratio C,H,: H, and relates 
to both diagrams. ) 


hydrogen electrode in the same solution as standard, for ethylene 
and butane formation, respectively. It seemed desirable to ascer- 
tain the effect of other factors on the products of electrolysis. All 
solutions were NV with respect to free propionic acid. 

N-Potassium propionate solution was electrolysed with smooth 
platinum electrodes. At low anode potentials, the gases evolved 
consisted mainly of hydrogen and oxygen with a little ethylene, 
but no butane. As the P.D. was raised the ethylene increased 
rapidly, reaching a maximum, after which butane made its appear- 
ance. Simultaneously with the .increase of ethylene, the oxygen 
began to decrease, finally reaching a minimum. About 1% of 
carbon monoxide was always present. The results obtained with 
an anode of 7-2 sq. cm. surface are given in Table Il. It is seen 
that the ethylene : hydrogen ratio begins to increase rapidly at 
2-60 volts and tends to reach an asymptotic value of about 0-60 
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at 2-95 volts. Table IIT shows the results obtained with a 4N-solu- 
tion using the same electrodes. The corresponding curve is of the 
same shape as with the N-solution, but is displaced 0-15 volt to 
the left, the ethylene formation commencing at a lower potential. 
A N-solution was also electrolysed at 50°, using a smooth platinum 
anode of 0-165 sq. cm. surface. From Table IV it is seen that, 
although there is more ethylene at low potentials at this tem- 
perature, the increase with rise of anode potential is-more gradual 
and the ethylene : hydrogen ratio does not increase much beyond 0-4. 
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TABLE II. 


N-Soln. at 10°. N-Soln. at 10°. 
Anode = 7:2 sq. cm. Anode = 7:2 sq. cm. 


A.P. C.D. C,H,/H,. O,/H,. C.D. C,H,/H,. O,/H,. 


~. 
x 


2-36 0-06 0-01 0-23 2-75 2-64 0-24 0-12 
2-48 0:08 0-02 0:29 2-78 8-06 0°33 0-067 
2-54 0-17 0-01 0°37 2-79 — 0-41 0-043 
2-60 0°35 0-04 0-365 2-83 _- 0:47 0-030 
2-66 0-61 0-07 0-32 2-89 — 0-55 0-022 
2-71 0-93 0-13 0-23 2-92 — 0-58 0-024 
Taste III. TABLE IV. 
4N-Soln. at 10°. N-Soln at 50°. 
Anode = 7-2 sq. cm. Anode = 0-165 sq. cm. 
A.P. C.D. (C,H,/H;. 0./H, A.P. C.D. C,H,/H,. 0./H.. 
2-35 0-01 0-01 0-37 2-56 2-7 0-04 0-28 
2-46 0-07 0-03 0-36 2-63 6-1 0-09 0-24 
2-54 0-13 0-10 0:30 2-68 12-1 0-16 0:17 
2-60 0-31 0-29 0-14 2-75 28-5 0-25 0-10 
2-63 0-82 0-43 0-047 2-79 46:1 0-28 0-077 
2-71 5-56 0-58 0-018 2-86 84-8 0-34 0-055 
2-75 8-33 0-59 0-011 2-95 158-2 0-38 0-042 
3:07 249-7 0-40 0-031 
3°15 304-2 0-41 0-029 
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Complete oxidation is, on the whole, more vigorous at 50° and 
also more free oxygen is evolved above 2-75 volts than at 10°. 
It appears that the increase of temperature increases the rate of 
reaction of the discharged ions with water more than it increases 
the rate of their interaction. 

Fig. 4 shows the relation between the anode potential and the 
percentage of butane (after removal of carbon dioxide) for the two 
concentrations. With N-solution, butane begins to be formed in 
appreciable quantity at 3-05 volts and reaches a maximum of 
3:2% at 3-15 volts. No greater quantity was obtained with P.D.’s 
up to 46 volts. With 4N-solution, three anodes were used, in 
order to cover the desired range of C.D.’s. The amount of butane 
increases suddenly at about 2-8 volts and reaches a maximum of 
50% with the smallest anode. At 50°, no butane was formed even 
at high potentials. 

Nature of the Anode Material—A phenomenon which is somewhat 
difficult to explain is the profound influence of the anode material 
on synthesis in aqueous solution. In confirmation of the work of 
Preuner and Ludlam (loc. cit., p. 689), it was found that at platinised 
platinum anodes no synthesis occurred with solutions of potassium 
acetate and of potassium propionate, although the presence of up 
to 10% of carbon dioxide showed that complete oxidation had taken 
place. With very large C.D.’s, small quantities of ethane and 
ethylene were obtained from the acetate and propionate solutions, 
respectively. In these cases, however, some of the platinum black 
had become detached and small spots of bright platinum were 
visible. 

With gold anodes, we could detect no trace of synthetic product. 
With a N-solution of potassium acetate, the current increased 
regularly with increasing anode potential, whilst the gas evolved at 
3-1 volts still consisted of hydrogen and oxygen with about 3% 
of carbon dioxide. The propionate solution gave a gas of similar 
composition at P.D.’s between 3 and 5-3 volts. The anode suffered 
considerable disintegration, and the solution became brown with 
dispersed gold. 

Fichter and Krummenacher (Helv. Chim. Acta, 1918, 1, 148) 
suggested that the ability of a metal to promote the Kolbe synthesis 
was connected with its oxygen overvoltage, and Gibson (loc. cit., 
p. 484) also discusses this view. It seems more reasonable, however, 
to approach the problem from the ‘point of view adopted by Preuner 
and Ludlam. The discharged ions may be supposed to react either 
with water to give acid and oxygen or with themselves to effect 
synthesis. Synthesis cannot occur unless there is a sufficient con- 
centration of discharged ions at the anode. We are thus led to 
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the conclusion that the velocity of the reaction of discharged ions 
with water at surfaces of platinised platinum and of gold is much 
greater than at one of smooth platinum, so that their concentration 
does not attain a value sufficiently high to give synthesis. 

Experiments with Non-aqueous Solvents —The nature of the 
anode would be expected to have little effect when the solvent is 
such that reaction with the discharged ions cannot take place. 
Hofgartner (Monatsh., 1911, 32, 523) obtained ethane : hydrogen 
ratios as high as 0-97 by electrolysing an 8-8% solution of potassium 
acetate in glacial acetic acid with a smooth platinum anode. With 
the same anode material, Salauze (loc. cit.) obtained by electrolysis 
of acetates in methyl-alcoholic solution 95% of the possible ethane, 
and showed that in this solvent the nature of the anode, provided 
that it is not attacked, has much less influence than in aqueous 
solution. 

The following experiment shows the effect of the addition of 
water on the electrolysis of 4-9 g. of potassium acetate and 1-52 g. 
of acetic acid in 100 c.c. of methyl-alcoholic solution. A platinised 
platinum anode of 0-165 sq. cm. surface and a smooth platinum 
cathode were used, and the current was maintained at the constant 
value of 25 milliamp. in each determination. 


CH,OH (c.c.) ......++- 100 95 90 80 0 
HO (c.€.) s.cseseeeeee 0 5 10 20 100 
Ee arecianscecinis 0-71 0-58 0-22 0 0 


It will be seen that ethane formation is inhibited by the presence 
of water. The way in which the effect due to the anode material 
is dependent on the solvent is further shown by electrolysing a 
solution of anhydrous sodium acetate in glacial acetic acid with an 
anode of (1) smooth platinum and (2) gold. The ratios of ethane 
to hydrogen in the evolved gases were 0-86 and 0-77, respectively. 
Synthesis therefore takes place readily at a gold anode in this 
solvent. 

It has been shown that the yield of butane from the electrolysis 
of aqueous solutions of potassium propionate is very small. By 
using an anhydrous solvent, however, much better yields can be 
obtained. A N-solution of potassium propionate in equal volumes 
of methyl alcohol and propionic acid was electrolysed with a smooth 
platinum anode at 100 milliamp. until the liquid was saturated with 
the gases, which were then found in the following proportions : 
C,H,, 12-3; C,Hy9, 36:0; O,, 0-5; CO, 0-5; H,, 507%. A similar 
experiment with a gold anode gave a gas of approximately the same 
composition. It need scarcely be pointed out that this constitutes 
a valuable method for the preparation of butane. 

We have stated that the bends in current-anode potential 
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curves must be due to depolarisation. Now in anhydrous solution 
this depolarisation must be effected exclusively by union of the 
discharged ions to give synthesis. It was therefore considered of 
interest to examine the electromotive phenomena at the anode 
under these conditions, and potential—current density curves were 
constructed for a smooth platinum anode in a methyl-alcoholic 
solution of potassium propionate (N) and propionic acid (N), care 
being taken to exclude traces of water. The propionate solution 
itself was used as a buffer solution between the cell and the potass- 
ium chloride solution leading to the calomel electrode. As shown 
in Fig. 5, depolarisation evidently occurs at 2-6—2-7 volts. Owing 
to the great solubility of the gases in methyl alcohol, it was not 
possible to obtain for analysis representative samples at the various 
anode potentials. 
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Anode potential (volts). Cone. of H,SO,. 


The Electrolytic Oxidation of Acetic Acid—It might be held that, 
although the discharged ions interact in non-aqueous solutions, 
synthesis in aqueous solutions may be due either partly or entirely 
to oxidation of the free acid. It was thought that if in a solution 
of acetic acid the acetate ions could be prevented from discharging, 
whilst at the same time the oxidation conditions were maintained 
unaltered, it would be possible to ascertain conclusively whether 
or no ethane is obtained by oxidation of the acid. These con- 
ditions have been realised in the following experiment. A con- 
centrated aqueous solution of acetic acid (15N) was electrolysed 
with the addition of varying small quantities of sulphuric acid, 
smooth platinum electrodes being used and a constant current of 
35 milliamp. Each electrolysis was allowed to proceed for about 
24 hours to ensure saturation of the liquid with the gases evolved. 

The results are shown graphically in Fig. 6, in which the ethane : 
hydrogen ratio is plotted against the concentration of sulphuric 
acid in g.-equivs. per litre. It will be seen that the critical con- 
centration of sulphuric acid is 0-002N, and that the formation of 
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ethane is then almost completely prevented. This concentration 
evidently corresponds to a critical concentration of discharged 
acetate ions, below which synthesis cannot take place. The ionis- 
ation of the acetic acid, already small owing to the high concen- 
tration of the solution, is still further reduced by the sulphuric 
acid; the current is then partly carried by the SO,” and HSO,’ 
ions. These, after discharge, react with water to give atomic 
oxygen, which, however, does not oxidise the acetic acid to ethane. 
Little oxygen was evolved in any of the experiments; it was used 
up in oxidising the acetic acid to carbon dioxide and water, 20—25% 
of carbon dioxide being present even in absence of ethane. This 
experiment shows beyond doubt that ethane is produced by the 
interaction of discharged acetate ions, and that electrolytic oxygen, 
when it oxidises acetic acid, does so completely and not partly. 


Conclusion and Summary. 


It is shown, both by a consideration of the work of previous 
investigators and by the presentation of fresh experimental evidence, 
that the phenomena observed in the electrolysis of solutions of 
fatty acids can only be accounted for on the “discharged ion ” 
theory as originally proposed by Crum Brown and Walker. The 
reactions in which the discharged ions take part may now be 
formulated as follows : 

1. 2R°CO-0- + H,O = 2R-CO.H + O (Faraday reaction). 

2. 2R:CO-O- = RR + 2CO, (Synthetic reaction). 

3. 2R°CH,°CO-O- = R-CH,°CO,H + (R — H):CH, + CO, (Un- 
saturated product). 

4. 2R-CO-O- = R:CO,R + CO, (Ester formation). 

5. R-CO-O- + OH = R:OH + CO, (Alcohol formation). 

6. R-CO-0- + nO = xH,0 + yCO, (Complete oxidation). 


The conditions which favour reactions 2 and 3 are precisely those 
which retard or prevent reaction 1. 

The main points which have been put forward in support of the 
above theory may be summarised as follows : 


1. The arguments advanced by Gibson and by Robertson in 
favour of the oxidation theory are largely fallacious. 

2. The electrolytic oxidation of acetic acid has been shown to 
be complete and not partial under ordinary conditions. Complete 
oxidation takes place to a considerable extent at low anode 
potentials. 

3. The presence of a definite concentration of the discharged 
anions themselves is indispensable for synthesis. 

4. In confirmation of the results of other workers, it has been 
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shown that synthesis can and does take place in non-aqueous 
solutions to which the oxidation theory is not applicable. 


The authors wish to thank Professor Sir James Walker, F.R.S., 
for his helpful criticism and advice during the course of this work, 
and also Messrs. Brunner Mond and Co., Ltd., for a grant which 
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CCCCXIX.—Optical Activity dependent on Co-ordinated 
Beryllium, Copper, and Zine. 


By Wiit1aM Hosson Mitts and REGINALD ARTHUR GOTTs. 


It was observed by Lowry and Burgess, in an examination of the 
properties of the metallic derivatives of benzoyleamphor (J., 1924, 
125, 2081), that beryllium benzoyleamphor when dissolved in 
benzene, chloroform, and other solvents showed mutarotation, and 
they referred this mutarotation to the gradual disappearance in 
solution of optical activity associated with the beryllium, since, as 
they pointed out, the beryllium atom in this compound would 
probably act as a centre of asymmetry in the same way as the central 
carbon atom of the ketodilactone of benzophenonetetracarboxylic 
acid (Mills and Nodder, J., 1920, 117, 1407 ; 1921, 119, 2094). 

The experiments described in the present paper were carried out 
with the object of obtaining direct experimental proof that a dis- 
symmetrically linked beryllium atom can, as thus indicated, give 
rise to optical activity. 

We endeavoured to find a @-diketone, containing a salt-forming 
group, which would be itself devoid of molecular dissymmetry, but 
could be shown to acquire it on conversion into its beryllium 
derivative. Experiments directed towards the same end, which, 
however, did not yield positive results, have recently been described 
by Morgan and Porter (this vol., p. 1256). 

After some exploratory work, we found in benzoylpyruvic acid (I) 
a compound with which this plan could be carried out. 

Aqueous solutions of the sodium salt of this acid dissolved freshly- 
precipitated basic beryllium carbonate, the sodium salt of the 
beryllium derivative (II) * being formed. 


Ph-OO-CH,CO-CO,H CH<Gfc0,8)-0> 2°<0-0(00, 8) > oH 
; (II.) 


* The linkings in the six-membered rings in this formula are represented by 
single lines with the intention of indicating that the question of the nature of 
these bonds is left open, though we regard the beryllium atom as being linked 
to the four oxygen atoms in the way suggested by Sidgwick (J., 1923, 123, 725 
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But while this salt crystallised well and reacted immediately with 
the mineral acid salts of the common alkaloids to give sparingly 
soluble alkaloid salts of the beryllium complex, the latter compounds 
could not be obtained crystalline in this manner. The alternative 
method of preparation was therefore tried of digesting the alkaloid 
salts of benzoylpyruvic acid in alcoholic solution with basic beryllium 
carbonate and by this means the brucine salt of the beryllium com- 
plex could be obtained in crystalline form without difficulty after 
crystalline nuclei had (with some little trouble) once been obtained. 

The brucine salt crystallised with 8 molecules of water of crystal- 
lisation and was sufficiently soluble in aqueous alcohol for polari- 
metric examination, but no mutarotation could be observed in this 
solvent. It was realised, however, that any activity associated with 
the co-ordinated beryllium was likely to be exceedingly evanescent 
and that under these conditions the expected mutarotation might 
well have proceeded to completion before any observations could be 
taken. The salt was therefore dehydrated. The anhydrous com- 
pound proved to be exceedingly soluble inchloroform and moderately 
soluble in absolute alcohol and with these solutions we were able to 
observe changes of rotation of the type expected. 

The solution of the anhydrous brucine salt in chloroform showed 
a very rapid mutarotation. Three minutes after wetting, the salt 
showed a specific rotation [«],,,, of +- 25-0°, which decreased accord- 
ing to the unimolecular law and reached a steady value of + 5-0° 
within about 4 hour. 

In alcohol, only very fleeting mutarotations were at first observed, 
but by taking greater and greater care in purification of the solvent, 
and by employing vessels of silica, the time required for the com- 
pletion of the mutarotation was at length increased to 3 hours, the 
specific rotation [«];,,, decreasing during this period from 39-9° 
(observed 5 minutes after first wetting the salt) to the final value 
13-1°. 

Crystallisation of the brucine salt from aqueous alcohol thus 
gives a dextrorotatory salt the optical activity of which decreases 
in solution to a limiting value, and which is accordingly, on the 
hypothesis on which we were working, the brucine salt of the 
d-beryllium complex. 

We also obtained the salt in an initially levorotatory form in 
which the optical activity increased in solution to the same final 
positive value as was attained by the dextrorotatory salt and which 
we therefore regarded as the brucine salt of the l-beryllium complex. 
This modification was obtained by dissolving the anhydrous brucine 
d-acid salt in chloroform, allowing the solution to stand for 2 hours 
to racemise the beryllium complex, and then precipitating the salt 


-~— Oo aS 


CO-ORDINATED BERYLLIUM, COPPER, AND ZINC. 3123 


in two fractions by adding ether. The first fraction consisted 
principally of the original initially dextrorotatory salt, but the 
second fraction showed in chloroform an_ initial levorotation 
[«]s4¢1 Of —11-8°, which rose in 25 minutes to + 5-2° and this frac- 
tion was therefore regarded as the diastereoisomeric salt, brucine 
l-berylliobenzoylpyruvate. 

The brucine salt had thus been obtained in two modifications 
showing opposite and (within the degree of approximation to be 
expected) equal mutarotations. It was then necessary to prove 
that these mutarotations were in fact due, as had been provisionally 
assumed, to the disappearance of an optical activity associated with 
the beryllium, for whilst brucine salts are levorotatory in aqueous 
solution, a not inconsiderable number of the salts of this alkaloid 
with organic acids are dextrorotatory in organic solvents—for 
example, brucine benzoylpyruvate is dextrorotatory in chloroform 
or alcoholic solution. The rotatory power of brucine in its salts in 
solution in organic solvents is thus particularly sensitive to the 
acid with which it is associated, and, in the absence of proof to the 
contrary, the possibility would always remain that the observed 
mutarotation was due to the effect of tautomeric changes in the 
berylliobenzoylpyruvic acid on the opticai activity of the brucine 
with which it was combined. To obtain this proof it was necessary 
to remove the brucine without destroying the very delicate optical 
activity depending on the co-ordination of the beryllium. 

It appeared that this removal of the brucine could be most simply 
effected (and with sufficient completeness) by taking advantage of 
the sparing solubility of brucine hydrochloride in absolute alcohol, 
but in trying this method we were met with the difficulty that most 
of the salts of berylliobenzoylpyruvic acid are also sparingly 
soluble in this solvent. The dimethylammonium salt proved, 
however, to be sufficiently soluble for our purpose. 

Brucine d-berylliobenzoylpyruvate was therefore added to a very 
carefully purified alcoholic solution of a considerable excess of 
dimethylamine hydrochloride. A precipitate formed which proved 
to be mainly brucine hydrochloride and had slightly more than the 
theoretical weight. The filtrate (observed as rapidly as possible) 
showed a dextrorotation, «;,,, + 1-13° (1 =2), which, as was to be 
expected, was evanescent and sank to zero in about } hour. The 
solution finally became faintly levorotatory (— 0-1°), indicating the 
presence of a small amount of unremoved brucine hydrochloride. On 
evaporation, it left a crystalline residue from which analytically 
pure dimethylammonium berylliobenzoylpyruvate was isolated. 

A similar experiment was made with the diastereomeric brucine 
l-acid salt. The solution showed, after the removal of the greater 
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part of the brucine, a levorotation «;,,, of — 0-63° which rose in 
10 minutes to a final value of — 0-06°. 

Thus the greater part of the brucine could be removed from these 
solutions without a corresponding decrease in their unstable optical 
activity. This activity must therefore be a property of beryllio- 
benzoylpyruvic acid and the molecule of this substance must be 
dissymmetric. 

These observations show in the first place that the beryllium 
derivatives of the 8-diketones are not simple beryllium salts of the 
enolic forms, (R-CO-CH:CR:-O),Be, since a beryllium derivative 
of benzoylpyruvic acid thus constituted could not exist in enantio- 
morphous modifications. They accordingly provide a new proof 
that these compounds are internally complex salts in which both 
oxygen atoms in each of the two diketone residues are directly linked 
to the beryllium atom as shown in formula (IT). 


Fia. 1. Fria. 2. 


Moreover, to give dissymmetry of the molecule, the planes of 
the two rings between which the beryllium atom is shared must 
intersect as represented in Figs. 1 and 2. 

The four oxygen atoms to which the beryllium atom is linked must 
therefore be disposed tetrahedrally about it. 

The arrangement of the attached atoms about the 4-co-ordinated 
beryllium atom, which these experiments establish for the dissolved 
molecule, thus corresponds with that deduced for the crystalline 
state by Bragg and Morgan from their study of the crystal structures 
of basic beryllium acetate (Proc. Roy. Soc., 1923, A, 104, 437). 

After it had been shown that the mutarotation of the salts of 
berylliobenzoylpyruvic acid was due to the disappearance of an 
optical activity associated with the co-ordinated beryllium atom, 
we sought for evidence of the existence of optical activity similarly 
associated with other metals and found that analogous zinc and 
copper compounds showed a corresponding behaviour. 

It proved possible to obtain the copper derivative of strychnine 


CO-ORDINATED BERYLLIUM, COPPER, AND ZINC. 3125 


benzoylpyruvate and the zinc derivative of brucine benzoylpyruvate 
in crystalline form. Both these compounds, when anhydrous, are 
soluble in chloroform and their solutions showed definite muta- 


rotations. 


a. ~— G0,Brue. os 5a ~ do,Strych. 


For example, a chloroform solution of the zinc derivative gave an 
initial rotation, «5,,,, of -- 0-90° which sank in about a } hour to 
+ 0-18°. The copper derivative was difficult to examine polari- 
metrically on account of the colour of its solutions. The zone of 
maximum transparency (4 5100—a 5200) of the chloroform solution, 
however, lies not very far from the green mercury line (4 5461) and 
in this light it was possible to get satisfactory measurements on 
0-7—0:8% solutions in a 2-dem. tube. Although, with such dilute 
solutions, the readings were necessarily small, the evidence for the 
mutarotation was quite definite. Thus in one experiment, the 
observed rotation, «;,,,, fell in $ hour from + 0-39° to +- 0-06°, 
the limit of observational error being about 0-03°. 

As the optical behaviour of these zinc and copper compounds 
resembles so closely that of the corresponding beryllium compound, 
we think it justifiable to conclude that the changes observed in their 
rotatory powers are due to the corresponding cause, namely, the 
disappearance of unstable optical activity associated with the co- 
ordinated zinc and copper atoms. 

From the existence of this activity it is accordingly to be con- 
cluded that in these compounds the 4-co-ordinated metallic atoms 
and the four oxygen atoms to which each is attached do not lie in 
one plane. 

This is of special interest in view of the fact that both copper and 
zinc are capable of forming compounds in which their co-ordination 
number is six. If the view is adopted that there are six fixed 
octahedrally disposed positions about these atoms in which alone 
other atoms can be attached, then the 4-co-ordinated compounds 
of zinc and copper must have either (1) the planar configuration 
(Fig. 3), in which the two vacant positions corresponding with the 
two latent valencies are at the ends of a diagonal, or (2) the con- 
figuration represented in Fig. 4,.in which the vacant positions are 
on one edge of the octahedron. . 

Configuration (1), which corresponds with that assigned by Werner 
to the 4-co-ordinated compounds of platinum, and with that which, 
according to the observations of Vernon, belongs to the isomeric 
dimethyltellurium di-iodides (J., 1920, 117, 86, 889), is excluded by 
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our observations. Configuration (2), moreover, would seem 
improbable on general grounds, since it is difficult to see why the 
molecule should assume the form conditioned by this distribution 
of the valencies when the planar configuration, which would appar- 
ently give a so much better balanced system, was also possible. 
Although too much weight must not be assigned to considerations 
of this kind in view of the uneven distribution in space of the 
valencies of the doubly-linked nitrogen atom, as well as those of 
the sulphur in the thionyl radical (Phillips, J., 1925, 127, 2552; 
Harrison, Kenyon, and Phillips, this vol., p. 2079), the most probable 
inference to be drawn from these observations would seem to be 
that the valencies of copper and zinc have not the same direction 
in compounds in which their co-ordination number is four as in 
those in which it is six. That is to say, when two of the valencies 
of the 6-co-ordinated atoms of these metals become latent, this 
change is accompanied by a change in the directions of the four 
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valencies which remain active in the resulting 4-co-ordinated com- 
pounds, these four assuming a “ tetrahedral” arrangement, so that 
it is most probable that in the molecules of the zinc and copper 
derivatives of the 8-diketones, as in those of their beryllium deriv- 
atives, the four oxygen atoms are disposed tetrahedrally about the 
metallic atom. 

In the case of arsenic, a similar difference of valency direction 
must exist in the compounds of the co-ordination numbers four and 
six. In p-carboxyphenylmethylethylarsine sulphide, a compound 
of the type R,R,R,AsS, resolved by one of us and R. Raper (J., 
1925, 127, 2479), the valencies have evidently a tetrahedral dis- 
tribution (Fig. 5), whilst in tripyrocatechylarsenic acid, which was 
obtained in optically active forms by Rosenheim and Plato (Ber., 
1925, 58, 2000), the valencies must be octahedrally disposed (Fig. 6). 


EXPERIMENTAL. 


Sodium Berylliobenzoylpyruvate, Be(C,»H,O,Na),,H,O.—A solu- 
tion of sodium benzoylpyruvate (Brémme and Claisen, Ber., 1888, 
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21, 1131) in 10—12 parts of water is digested on the water-bath 
with the equivalent quantity of freshly-precipitated basic beryllium 
carbonate. The latter dissolves and, on cooling, the sodiwm salt of 
the beryllium derivative crystallises. Recrystallised from hot water, 
aqueous alcohol, or acetone, it forms slender needles containing one 
molecule of water of crystallisation (Found: Be, 1:9; Na, 10-2; 
H,0, 4:25. CH,,0,Na,Be,H,O requires Be, 2:0; Na, 10-15; 
H,0, 4:15%). 

Brucine d-Berylliobenzoylpyruvate, Be(C,)H,04,C,,H,,0,No)2,8H,0. 
—Benzoylpyruvic acid (12-6 g.) and brucine (28 g.) were dissolved 
in warm alcohol (100 c.c.). The yellow solution was diluted with 
water (50 c.c.) and moist freshly-precipitated beryllium carbonate 
(from 5-4 g. of crystallised beryllium sulphate) was gradually stirred 
in. The carbonate dissolved slowly (15—20 minutes). The solution, 
acidified with a drop of glacial acetic acid, was filtered, allowed to cool 
slowly, and while still warm inoculated with a few crystals of brucine 
berylliobenzoylpyruvate previously obtained by slow cooling and 
scratching. The compound was deposited in crystalline form and 
was obtained by recrystallisation from warm 80% alcohol as clusters 
of pale yellow needles. It was completely dehydrated without 
losing its crystalline form by standing in a high vacuum over phos- 
phorus pentoxide for 3 weeks in the cold, or by heating at 95— 
100°/20 mm. for 8 hours. The anhydrous salt melts at 212—215° 
(decomp.) and is very soluble in chloroform and rather sparingly 
soluble in absolute alcohol (Found: C, 66-9; H, 5-7; Be, 0-8. 
CogHgg01gN,Be requires C, 67-1; H, 5-6; Be, 0-8%. Found: 
H,0, 10-6. 8H,O requires 10-9%). 

Mutarotation of Brucine d-Berylliobenzoylpyruvate.—(a) In chloro- 
form. A solution of the salt (1-058 g.) in chloroform hoe g.) 
showed at 20° the following rotations (J = 2) ([{«]%, = + 25-06° 
and + 5-00° fort = 3and oa, Loa : 


a cale a calc a cale 

t (k= t (k= t k= 
(mins.). 2°. 0-0508). (mins.). «2°. 00508). (mins.). a2. 0-0508). 

3 +4-26° (4-26°) 12 204° 204° 21 1-27° —1-27° 
4 3°86 3°88 13 1-90 1-91 32 0-96 0-97 
5 3°40 3°55 16 1-58 1-60 34 0-86 0-94 
7 2-98 2-99 17 1-52 1-51 =e) 0-85 (0-85) 
8 2-76 2-75 18 1-45 1-44 


The numbers in the first column give the time in minutes from 
the first wetting of the salt. Those in the third column are calcu- 
lated from the formula for the unimolecular reaction, 

logio(%q — %o)/(% — %,) = Mt, 
substituting for x) and «,, the observed values 4-26° and 0-85° and 
giving k the value 0-0508. Their agreement with the observed 
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numbers indicates that the mutarotation proceeds in accordance 
with the unimolecular law. 

(b) In alcohol. A solution of the salt (0-4200 g.) in absolute 
alcohol made up to a volume of 50 c.c. at 20° showed the following 
rotations (J = 4) ([{«]?;, = + 39-9° and + 13-1° for ¢ = 5 and o, 
respectively) : 


a cale. a cale. a cale, 
t (k= t (k= (k= 
(mins.). a2°. ©-0094). (mins.). a2” 0:0094). (mins.). ae 0-0094). 


5 41:34 (134°) 30 096° 0-96 1500-469 048° 
7 1-30 1-30 60 0-73 0-71 oe) 0-44 (0-44) 

10 -1-20—1-25 90 060 0-58 

20 1-09 1-09 120 0-50 0-51 

The correspondence between the observed values and those 
calculated from the above formula (column iii) shows that in this 
solvent also the mutarotation proceeds in accordance with the 
unimolecular law. As has been explained, the relative rate is 
greatly dependent on the purity of the solvent; in alcohol of the 
purity that we were able to obtain,* it was much slower than in 
chloroform (& = 0-0094 for alcohol as against 0-0508 for chloroform). 

Brucine 1-Berylliobenzoylpyruvate—A solution of anhydrous 
brucine d-berylliobenzoylpyruvate (8 g.) in anhydrous chloroform 
(25 c.c.), after being kept for 2 hours, was cooled to —5°, and ether 
(40 c.c.) added. On vigorous shaking, a part of the salt (4-5 g.) was 
deposited as a microcrystalline mass which mostly adhered to the 
sides of the vessel. The mother-liquor was quickly filtered into 
more ether (100 c.c.); a second fraction of the salt (2-6 g.) was then 
precipitated. 

The first fraction consisted chiefly of brucine d-berylliobenzoyl- 
pyruvate, since a solution of 1- ~ g. in chloroform (18-655 g.) gave 
the following rotations (1 = 2) ([a}%. = + 15-8° and + 5-2° for 
t = 3 and 26, apes 


a cale a cale a cale 

t (k= t (k= t 
(mins.). a. 0-053). (mins.). a2» 0-053). (mins.). a 0-053). 
3 +2°75° (2-75°) + 200° 2-04° 13 1-44° 1-45° 

4 2-51 2-54 8 1-94 1-91 20 1-05 1-13 

5 2:39 2-35 9 1:30 §=61-79 26 0-90 (0-90) 

6 2-20 2-18 11 1-59 1:60 (final value) 


The second fraction showed, however, a strong initial levorotation 
and was brucine 1-berylliobenzoylpyruvate (Found : C, 66-7; H, 5-55; 
Be, 0-7. C,.,H,,0,,.N,Be requires C, 67-1; H, 5-6; Be, 0-8%). 

Mutarotation of brucine /-berylliobenzoylpyruvate in chloroform : 
A solution of the anhydrous salt (0-6334 g.) in chloroform (20-70 g.) 


* The alcohol was first dried over lime, then over calcium, and finally 
distilled from a little silver nitrate to remove ammonia. 
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gave the following rotations (/ = 2) ([«]si,. = — 11-8° and + 5-0° 
for t = 2 and 25, respectively) : 
a cale. a cale. a cale. 
t (k= t (k= t (k= 
(mins.). a2. 0-076). (mins.). a2”. 0-076). (mins.). a2”. 0-076). 
2 —1-04° —(1-04°) 8 0-00° —0-08° 20 +0-41° +0-38° 
24 0:93 0-92 10 +016 +0-07 22 0-43 0-39 
4 0-60 0-60 12 0-19 0-18 25 0-44 (0-42) 
5 0-46 0-44 14 0-24 0-26 
| 0-32 0-18 17 0-35 0-33 


Optically Active Solutions of Dimethylammonium Berylliobenzoyl- 
pyruvate—(1) The dextrorotatory salt. Dimethylamine hydro- 
chloride (0-36 g.; 4 mols.), dried over phosphorus pentoxide, was 
dissolved in carefully purified alcohol (50 c.c.) in a silica flask at 20°. 
Finely-powdered anhydrous brucine d-berylliobenzoylpyruvate (1-97 
g.) was added, and the mixture well shaken. Brucine hydrochloride 
began to separate after a few seconds and as soon as the precipitation 
was finished (usually in 60—90 seconds) the solution was forced by 
gentle air-pressure through a dry asbestos filter directly into a 
2-dem. silica polarimeter tube and observations were taken as 
rapidly as possible. The weight of crude brucine hydrochloride 
collected on the filter was 1-5 g. (calc., 1-44 g.). 

With the above-mentioned quantities the following polarimetric 
observations were made : 


a cale. a calc. a cale. 

t (k= t t (k= 
(mins.). 2%,. 0-095). (mins.). 2%. 0-095). (mins.). a2. 0-095). 
2 +1-13° +(1-11°) 7 0:29° 031° 13 +0-03° +0-01° 

3 0-83 0:87 8 0:23 0:23 14 0-00 —0-01 

4 0-68 0-68 9 0-16 0-16 15 —008 —0-03 

5 0-52 0-53 10 0-10 0-11 16 —0-10 “= 

6 040 0-40 ll 0:10 0:07 (final value) 


After the completion of the polarimetric observations, the whole 
of the filtrate was allowed to evaporate. The crystalline residue 
was washed with a very little cold water to remove the excess of 
dimethylamine hydrochloride and then crystallised from dilute 
alcohol to remove the small amount of brucine hydrochloride which 
was left in the original solution and to which the final levorotation 
was due. Dimethylammonium berylliobenzoylpyruvate was thus 
obtained as small, nearly colourless prisms, m. p. 95—96° (Found : 
N, 5-9; Be, 1:9. C,,H,,0,N,Be requires N, 5-8; Be, 1-9%). 
The salt is moderately soluble in absolute, easily soluble in dilute 
alcohol. It is not hygroscopic, but is easily hydrolysed in presence 
of water with the formation of acetophenone. 

(2) The levorotatory salt. Brucine 1-berylliobenzoylpyruvate 
(1 g.) was digested with a solution of dimethylamine hydrochloride 
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(0-24 g.) in carefully purified alcohol (31-5¢.c.). After the separation 
of the brucine hydrochloride was finished, the mixture was filtered 
and the following polarimetric observations were made on the filtrate 
(j == 2): 


a calc. a cale. a cale, 

t (f= t (k= t : (k= 
(mins.). a2. 0-164). (mins.). af... 0-164). (mins.). a2. 0-164). 
2 —0-63° (0-63°) 5 0-30° 0-24° 9 0-10° = 0-10° 

3 0-42 0-45 7 0-15 0-15 10 —0-06 0-09 

4 0:36 0-33 8 0-10 0-12 (final value) 


Strychnine Cupribenzoylpyruvate—An alcoholic solution of 
strychnine benzoylpyruvate was prepared by dissolving finely- 
powdered strychnine (6-6 g.) in a solution of benzoylpyruvic acid 
(4:2 g.) in alcohol (50 c.c.). To this was added, drop by drop, a 
solution of cupric acetate (1-82 g.) in warm dilute alcohol (15 c.c.). 
A further quantity of strychnine (3—4 g.) was then added to take 
up part of the acetic acid liberated in the reaction. After long 
standing in the cold, the green, alcoholic solution deposited the 
strychnine salt of the cupri-derivative of the acid in small, dark 
green prisms containing 4 mols. of water of crystallisation, m. p. 
(decomp.) 97—98°. The salt is insoluble in water, benzene, or 
ether and sparingly soluble in aqueous alcohol or acetone. It can 
be recrystallised from warm dilute alcohol or acetone containing a 
trace of acetic acid to prevent the hydrolytic decomposition which 
otherwise takes place. 

It was dehydrated by heating for 6—8 hours at 80°/80 mm. over 
phosphorus pentoxide. The anhydrous salt is readily soluble in 
chloroform. (Found for anhydrous salt: C, 66-6; H, 5-3; Cu, 5-6. 
C..H;,0,;.N,Cu requires C, 66-8; H, 5-2; Cu, 5-7%. Found for 
hydrated salt : H,O, 5-6. Cale. for 4H,0: H,O, 5-5°%). 

Mutarotation.—(1) A solution of the anhydrous salt (0-0826 g.) 
in chloroform (17-30 g.) showed the following rotations : 


é (mins.). ae a calc, (k=0-067). [aj 
3 +-0-39° (0-39°) +27-6° 

7 0-23 0:24 — 

14 0-13 0-12 _- 

30 0-06 (final value) 0-065 4:2 


(2) A solution of the anhydrous salt (0-0877 g.) in chloroform 
(17-654 g.) showed the following rotations : 


t (mins.). . a cale. (k=0-067). [apr 
5 +0-23° (0-23°) +-15-6° 

7 0-17 0-18 — 

11 0-12 0-13 Seis, 

15 0-10 0-10 — 


24 0-06 (final value) 0:06 4:1 


mh— 65 +=%‘Mmr oy —~, 
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Brucine Zincibenzoylpyruvate—An aqueous alcoholic solution of 
brucine benzoylpyruvate, prepared from benzoylpyruvic acid 
(4:2 g.), brucine (9-2 g.), alcohol (50 c.c.), and water (10 c.c.) was 
boiled gently for 15 minutes with the equivalent quantity of moist 
freshly-precipitated basic zinc carbonate. The deep yellow liquid 
was filtered hot, and the filtrate was allowed to cool after the addition 
of a few drops of acetic acid. A pale yellow, gelatinous mass, in 
which a zine salt as well as the brucine salt of zincibenzoylpyruvic 
acid was present, was precipitated. In order to obtain the latter 
compound the precipitate (10 g.) was collected, dried, and extracted 
with chloroform (50 c.c.) for } hour in a Soxhlet apparatus. The 
yellow solution, evaporated, left a gum (1-8 g.) which was dissolved 
in warm alcohol containing a little acetic acid. This solution, 
filtered and allowed to stand, deposited brucine zincibenzoylpyruvate 
as a mass of microscopic, yellow needles decomposing at 185°. 

The salt dissolves readily in warm dilute alcohol but is easily 
hydrolysed with the formation of acetophenone (Found: Zn, 5-4, 
CegH .01gN,Zn requires Zn, 5-3%). 

Mutarotation—The following polarimetric observations were 
made in a 2-dem. tube on a solution prepared from the dehydrated 
salt (0-3167 g.) and chloroform (20-70 g.) : 


¢ (mins.). ave a cale. (k=0-082). [apy . 
2 +-0-90° (0-90°) +-20-1° 
4 0-74 0-67 san 
6 0-52 0-52 -— 
10 0-33 0-34 a 
15 +0-18 (final value) 0-24 + 40 


UNIVERSITY CHEMICAL LABORATORY, 
CAMBRIDGE. [Received, October 28th, 1926.] 


CCCCXX.—The Unsaponifiable Matter from the Oils of 
Elasmobranch Fish. Part II. The Hydrogenation 
of Squalene in the Presence of Nickel. 


By Istpor Morris Hettspron, THomas Percy Hivpircu, and 
Epwarp Davip Kamm. 


SQUALENE has already been hydrogenated by Tsujimoto (Ind. Eng. 
Chem., 1916, 8, 889) and by Chapman (J., 1917, 111, 56; 1923, 123, 
769), the former using a platinum catalyst and a solution of squalene 
in ether under pressure, the latter a platinum catalyst and squalene 
alone at 190° and atmospheric pressure. Both authors appear to 
have obtained the same dodecahydrosqualene; the physical con- 


tants of their products are in good agreement with each other, and 
50 
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with those of the product now obtained by us using a nickel catalyst. 
We regard the obvious similarity of the completely hydrogenated 
hydrocarbons as conclusive evidence of the identity of squalene and 
spinacene (Heilbron, Kamm, and Owens, this vol., 1630). 


The Physical Constants of Completely Hydrogenated Squalene. 


Constant. Chapman. Tsujimoto. Present authors. 
B. p. 280—281°/24 mm. 274°/10 mm. 224—226°/3 mm. 
nn 1-4532 1-4525 1-4534 
aw 0-8119 0-8125 (at 15°/4°) 0-8107 
[Fz], (M = 422) 140-6 — 140-9 


The hydrogenation of squalene does not, however, appear to 
have been studied from the point of view of selective attachment of 
hydrogen at the ethenoid linkings. Work in recent years has indi- 
cated that in the majority of cases where there is more than one 
double bond present in the molecule, the course of hydrogenation 
is definitely selective. An observation which is somewhat pertinent 
to the present case is that of Richardson, Knuth, and Milligan 
(Ind. Eng. Chem., 1925, 17, 80), who state that the highly unsatur- 
ated glycerides of the eicosanoic series present in whale oil are 
hydrogenated to the diethenoid derivatives before any fully 
saturated glyceride is produced. 

The case of squalene is especially interesting, since it is an aliphatic 
hydrocarbon containing thirty carbon atoms and six ethenoid 
linkings. The method of hydrogenation which we have employed 
is to treat the oil with pure hydrogen at 130—160° in the presence 
of a nickel catalyst under the general conditions described by E. F. 
Armstrong and one of us (Proc. Roy. Soc., 1919, A, 96, 137; 1920, 
A, 98, 27; 1925, A, 108, 121), employing a similar type of apparatus 
and measuring the absorption of hydrogen continuously as therein 
described. 

The results have proved that the hydrogenation is strongly selec- 
tive and there is clear evidence that the saturation of each double 
bond takes place to a large extent consecutively. At the same time, 
a preliminary examination of the products which have been hydro- 
genated until only one ethenoid linking remains, indicates that a 
mixture of monoethylenic derivatives is left at this stage, and hence 
it is probable that the hydrogenation of squalene involves the 
simultaneous selective reduction of an original mixture of isomeric 
hexaolefinic hydrocarbons. This result tends to confirm the con- 
clusions previously arrived at from a study of the squalene hexa- 
hydrochlorides (Part I). 

As indicated by the curves, the selective nature of the hydro- 
genation process is very well marked. Whilst we have not at present 
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sufficient knowledge of the constitution of the products definitely 
to correlate each intermediate compound which may be formed with 
a break in the curve, it seems evident that the cause of the selectivity 
must reside in the varying degree of substitution of the ethylene 
groups. Lebedev, Koblianski, and Yakubchik (J., 1925, 127, 417) 
have shown the extraordinary influence exerted by differences in 
the degree of substitution around a doubl2 bond upon the rate of 
hydrogenation; and we venture to suggest, from the generalisations 
of these authors, that our curves indicate that certainly three, and 
probably four, of the unsaturated centres in squalene exist at the 
moment of hydrogenation in the form CH,:C<, which is merely 
an isomeric form of the structure suggested in a previous paper, 
for example, 

CH CH ° CH, 

GH >C:CH-CH,"|CH,'C-CH,'CH,],CHyC:CH-CHy, 


This idea of the dissimilarity of two of the unsaturated linkings 
from the remaining four is stressed, not only by the marked difference 
in the rate of hydrogenation, but also by the fact that ring closure 
in squalene itself only proceeds to the stage at which four double 
bonds have disappeared. 

Experiments have been carried out in the direction of ring closure 
of the partly hydrogenated products, and it has been definitely 
ascertained that, unlike squalene, those products which have been 
hydrogenated up to the point at which 3, 4, and 5 gram-molecules 
of hydrogen have been absorbed are wholly incapable of intramole- 
cular condensation when boiled with 98°% formic acid. The partial 
condensation noted in the case of the lesser-hydrogenated product 
containing four double bonds, as evidenced by the change in iodine 
value, may be due, at least in part, to a small amount of unchanged 
squalene, the presence of which we have established (compare below). 

We have on several occasions observed that, contrary to general 
experience in hydrogenations of this type, the rate of absorption 
is relatively slow for a short period at the commencement of the 
reaction, but rapidly attains a maximum value. Whilst this 
phenomenon has not invariably been noted, its appearance with the 
nickel catalyst supported both on charcoal and on kieselguhr has 
been sufficiently frequent to justify us in recording it as an apparent 
example of an induction period (see curve I). Apart from this, the 
absorption-time relation is of the type most commonly encountered 
in cases of well-marked selective hydrogenation, the variations in 
rate of absorption over the whole course of hydrogenation covering 
a wide range. Thus, on the average, taking the rate of hydro- 


genation of the last ethenoid linking as unity, the relative speeds 
502 
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for each double bond are represented approximately by the following 


figures : 
Double bond ......... 1 2 3 4 5 6 
BS vases teasssieuieee >10 <10 8 5:5 3 1 


That the hydrogenation of squalene is indeed selective has been 
definitely established, since estimations of squalene by the hydro- 
chloride method (see experimental part) have shown that after the 
absorption of 1 gram-molecule of hydrogen, 34% of squalene, and 
after the absorption of 2 gram-molecules only 1—2% of squalene, 
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I, 0°3 G. of nickel on charcoal. II. 0°3 G. of nickel on kieselguhr. 


remain, and we have no doubt that if suitable methods of analysis 
could be devised, the same preponderance of one particular partly 
hydrogenated compound would be found at each intermediate stage. 

As previously stated (Part I), squalene contains in many cases a 
minute quantity of an oxygenated product. We have now found 
that after hydrogenation a very small quantity of a crystalline com- 
pound (0-2°%) separated from the cooled oil and could be completely 
removed by fractional distillation, the hydrogenated squalene being 
then entirely free from oxygen. The oxygenated compound is a 
neutral substance, m. p. 67—68°, which appears to be oxidic in 
character, as it forms neither an acetyl derivative, a semicarbazone, 
nor an oxime. 
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EXPERIMENTAL. 


Hydrogenation of Squalene.—The hydrogenation was effected in a 
narrow, closed, cylindrical steel vessel of about 400 c.c. total capacity 
fitted with an efficient high-speed rotary stirrer, a thermometer 
pocket, a hydrogen inlet-tube extending nearly to the bottom of the 
vessel, and a gas exit-tube almost flush with the lid. The rate of 
stirring was as nearly as possible 2000 revs./min., and hydrogen 
from a cylinder was passed at a suitable rate through a meter into 
the hydrogenation apparatus, from which it emerged into a second 
meter after passing through a catchpot to trap any traces of liquid 
that might be splashed over. The flow of hydrogen was adjusted 
so that at the maximum rate of absorption about 20—25% of 
unabsorbed hydrogen was passing through the second meter. The 
meters were of the water type and measured 2:5 litres per revolution ; 
they were checked together before each experiment and were also 
frequently calibrated directly by displacement of about 10 litres of 
water by hydrogen from an aspirator kept strictly under atmospheric 
pressure. 

The temperature of the squalene during the measurements of rate 
of hydrogenation was 150°-+ 2°. The catalyst employed was 
metallic nickel, mounted on kieselguhr or coconut charcoal; various 
concentrations of catalyst were employed in different experiments 
and typical results are shown, in the accompanying graphs, of the 
hydrogenation of 100 g. of squalene at 150° in the presence of 0-3 g. 
of nickel on coconut charcoal and on a kieselguhr support, respec- 
tively, with hydrogen flowing at 50—60 litres per hour and with 
constant stirring as described above. 

At the conclusion of the process, the oil was filtered from nickel 
while still hot, and distilled under reduced pressure. 

Products of Hydrogenation.—Dodecahydrosqualene. The com- 
pletely hydrogenated product was a colourless, odourless, mobile 
oil, b. p. 222—226°/3 mm., 212—213°/1 mm.; nj 1-4534; 
dx 08107; [Rz]p 140-9 (calc. for Cs5H,, 140-1) (Found: C, 85-5, 
85-4; H, 14-8, 14-8. C, 9H,» requires C, 85-3; H, 14-7%). 

Whereas squalene shows a remarkable exaltation of molecular 
refractivity (S[Rz]p = 2-1) over the calculated value, this pheno- 
menon completely disappears during hydrogenation. 

In addition to the complete hydrogenation of squalene with 
simultaneous observation of the rate of absorption of hydrogen 
throughout the process, a number of experiments were subsequently 
undertaken in which the interaction was interrupted after 1, 2, 3, 4, 
or 5 g.-mols. of hydrogen per g.-mol. of squalene had been absorbed, 
and the partly hydrogenated products were examined. 
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1. Absorption of 1 mol. of hydrogen. The product had b. p. 
235—238°/3 mm., d0:8534, and n%°1-4872. On _ treatment 
with dry hydrogen chloride in ethereal solution, the oil (5 g.) yielded 
1-7 g. of crystalline squalene hexahydrochloride (m. p. 112—118°). 
This is equivalent to 34% of unchanged squalene. 

2. Absorption of 2 mols. of hydrogen. Acolourless oil was obtained, 
b. p. 235—237°/3 mm., ni" 1-4800, d% 0-8443, iodine value 
2343 (calc. for CypH,,/F, 245). Absorption of dry hydrogen 
chloride yielded a quantity of squalene hexahydrochloride equivalent 
to 1-4% of squalene, together with an oil which could not be 
crystallised. Treatment of this hydrocarbon mixture with 98%, 
formic acid for 15 hours yielded a partly cyclised product, b. p. 
232—-236°/ 4 mm., nf’ 1-4900, iodine value 154-2. 

3. Absorption of 3 mols. of hydrogen. The product was a colour- 
less oil, b. p. 232—234°/3 mm., n#’1-4710, d3° 0-8334, iodine 
value 190 (calc. for CygH;,|;,, 183). A crystalline hydrochloride 
could not be obtained by treatment with dry hydrogen chloride, 
and prolonged treatment with 98% formic acid produced no change. 

4. Absorption of 4 mols. of hydrogen. The product had b. p. 
229—234°/3 mm., nj 1-4625, d3:0-8211, iodine value 124-5 
(cale. for C,,5H;,|2,, 121-4). 

5. Absorption of 5 mols. of hydrogen. The principal hydrecarbon 
was obtained as a colourless, mobile oil, b. p. 228—231°/3 -m., 
np 1-4550, dz: 0-8094, iodine value 64-8 (calc. for Cy 9H ¢o|, , 60-4), 
which was recovered unchanged after prolonged treatment with 
formic acid. 


In conclusion, we desire to thank the Council of the Department 
of Scientific and Industrial Research for a grant which enabled this 
work to be carried out. 


THE University, LIVERPOOL. [Received, November 2nd, 1926.] 


CCCCXXI.—The Unsaponifiable Matter from the Oils of 
Elasmobranch Fish. Part III. Tetracyclosqualene 
and the Production of a New Naphthalene Hydro- 
carbon. 


By Joun Harvey, Istpor Morris HEILBRon, and Epwarp Davip 
Kamm. 


Ir was shown by Heilbron, Kamm, and Owens (this vol., p. 1630) 
that the pyrogenic decomposition of squalene led to the formation, 
among other terpenes, of a complex sesquiterpene fraction from 
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which, on dehydrogenation with sulphur, a hydrocarbon was 
isolated which yielded a minute amount of a picrate, possibly 
cadalene picrate. As all attempts to obtain this compound in larger 
quantities have proved abortive, we have directed our attention 
to the tetracyclic isomeride derived from squalene in the hope of 
obtaining from it, by dehydrogenation, aromatic hydrocarbons in 
better yield. Whereas squalene itself reacts explosively with 
sulphur, the reaction with tetracyclosqualene can be controlled and 
at 200—270° a vigorous evolution of gas occurs. Decomposition 
took place during the dehydrogenation, and from the mixed products 
were separated (a) a small quantity of a colourless, mobile oil 
resembling m- or p-cymene, and (b) a colourless oil, b. p. 100— 
160°/13 mm., which yielded a well-defined, crystalline picrate the 
analytical values for which agree with the formula C,,H,,0,N3. 
By decomposing this picrate with ammonia, a colourless, solid 
hydrocarbon (m. p. 33-5°) of formula C,,H,, was obtained. This 
substance has a distinct naphthalene-like odour and its identity with 
a substituted naphthalene compound is suggested both by analogy 
with the dehydrogenation derivatives of typical sesquiterpenes 
(compare Ruzicka, Helv. Chim. Acta, 1922, 5, 345) and by the 
abnormally high value of its molecular refractivity (=[{Rz]p = 
2-75), which is typical of all such hydrocarbons. 

Of the numerous possible hydrocarbons of this formula, «- and 
8-propyl-, 8-isopropyl-, and two trimethyl-naphthalenes have been 
described, but these differ from the compound under discussion. 

As the yield of the hydrocarbon was extremely small, and as its 
formation appeared to be due to the preliminary decomposition 
of tetracyclosqualene into less complex molecules, the destructive 
distillation of this compound was studied by the method already 
described for squalene itself. The complex mixture produced, 
which was in every way comparable with that obtained from 
squalene, was fractionated as previously described and a mono- 
terpene fraction was obtained from which a portion closely resemb- 
ling pinene in odour was isolated. This is being fully investigated. 

The whole of the sesquiterpene fraction was treated with sulphur 
at 200—270° and thereafter the same hydrocarbon of m. p. 33-5° was 
isolated in 4°% yield. Sufficient of this substance has not yet been 
obtained for the determination of its structure, but larger quantities 
are being collected for this purpose. 

The diterpene fraction also was treated with sulphur, but the 
dehydrogenated products failed to give crystalline addition com- 
pounds with picric acid. This proves definitely that the picrate- 
forming aromatic hydrocarbon (C,,H,,) is produced from the sesqui- 
terpene portions and hencealmost confirms its naphthalene structure. 
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During the preparation of the comparatively large quantity of 
tetracyclosqualene required in these experiments, squalene was upon 
one occasion treated with formic acid which had already been used 
once for the same purpose. The hydrocarbon produced, even after 
prolonged boiling with the reagent, differed in physical properties 
from normal tetracyclosqualene, although it was undoubtedly also 
a tetracyclic substance. It showed the same exaltation of molecular 
refractivity and on treatment with sulphur yielded the same C,,H,, 
hydrocarbon. It can only be assumed, therefore, that cyclisation 
in this case must have taken place in a different way, without, 
however, altering the carbon skeleton of the molecule or the positions 
of the two remaining ethenoid linkings to which the abnormal 
molecular refractivity has been ascribed. 


ExPERIMENTAL. 


Dehydrogenation of  Tetracyclosqualene. — Tetracyclosqualene 
(200 g.) and finely-powdered sulphur (100g.) were heated at 200—270° 
until, after 14 hours, evolution of hydrogen sulphide and mercaptan 
had ceased. The viscous, almost black product was separated by 
distillation into a deep red liquid (58 g.) and an unworkable resinous 
residue. The distillate was repeatedly distilled over bright metallic 
sodium until it was colourless and was then fractionated under 
reduced pressure, whereby the following fractions were obtained. 

i. B. p. 70—75°/14 mm. (5 g.). A colourless oil with an odour 
indistinguishable from that of cymene. B. p. 170—180°/760 mm., 
nz) 1-5080, d30-8941. It still contained a trace of sulphur, 
probably in the combined state. The quantity at our disposal was 
insufficient for complete purification or further examination. 

ii. B. p. 100—160°/13 mm. (25 g.). This portion consisted of a 
colourless oil giving no definite fractions on distillation. The whole 
was treated with a hot saturated alcoholic solution of picric acid, 
whereby gradual precipitation of an orange solid occurred; by 
treating the mother-liquor with more picric acid, further crops were 
obtained (total yield of crude substance, 4:3 g.). The picrate 
crystallised from absolute alcohol, in which it was only moderately 
easily soluble, in long, orange-red needles, m. p. 139—140° (Found : 
C, 56-8, 57-0; H, 4:3, 43; N, 10-7, 10-6. C,9H,,0,N, requires 
C, 57-1; H, 4:3; N, 10-5%). 

The Hydrocarbon C,3H,,4.—The picrate was dissolved in ether and 
decomposed by warming under reflux with dilute aqueous ammonia. 
The ethereal solution was separated, washed with water, and dried. 
The colourless oil obtained from it was distilled at 15 mm., almost 
the whole coming over at 145° and solidifying on cooling. After 
crystallisation from hot 95°/, alcohol, it was obtained in centimetre- 
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long, colourless, silky needles, m. p. 33-5°. It is volatile in steam, 
only slightly soluble in cold methyl or ethyl alcohol, and readily 
soluble in ether and benzene: 43 1-:0103, nn? 1-6110, [Rz]p 58-5 
(cale. for C,,H,,|7, 55-7) (Found: C, 91-6; H, 83. Cy3Hy, 
requires C, 91:8; H, 8-2%). 

The Destructive Distillation of Tetracyclosqualene.—Tetracyclo- 
squalene (150 g.) was distilled under the conditions previously 
given for squalene itself (Heilbron, Kamm, and Owens, loc. cit.). 
The following groups of products were obtained. 


B. p. Description. Weight. 
1 _ Combustible gas. (1200 c.c./758 mm.) 
2 28— 44°/758 mm. Mobile, almost colourless oil. 2-5 2. 
3 55—100°/20 mm. Mobile, yellow oil. 44:0 ,, 
4 110—180°/20 mm. ee a 42-0 ,, 
5 180—210°/20 mm. Viscous ee 11°5 ,, 
6 210—280°/20 mm. » deep yellow oil. 10-0 ,, 
7 a Resinous residue. 25-0 ,, 


Of these, groups 1, 2, 6, and 7 have not yet been examined; the 
liquid comprising group 2 has an odour identical with that of the 
amylene derived from squalene. 

Group 3 was carefully refractionated from a Willstatter flask in a 
stream of nitrogen and again subdivided. By this means there was 
obtained a fraction (7-0 g.), b. p. 49—54°/15 mm. Refractionation 
of this at atmospheric pressure gave, as main portion, a liquid, b. p. 
154—158°/758 mm., dy-0-8279, and nj 1-4663. The odour 
closely resembled that of pinene. 

Group 4 on refractionation was resolved into two main fractions : 
(a) b. p. 119—125°/14 mm., di 0-8886, ni 1-4940, [Rz]p 66-83; 
weight, 7-5 g.; (b) b. p. 1388—158°/14 mm., dif 0-9111, ni¥* 1-5028, 
[Rz]p 66-16; weight, 15-0 g. ([Rz]p calc. for C,;H,,|>, 66-1). 

Each of these fractions was treated with sulphur as previously 
described, and the purified dehydrogenated product with alcoholic 
picric acid. From each the picrate, m. p. 139—140°, was isolated. 
The total yield of the hydrocarbon C,,H,, given by this method is no 
better than that obtained from tetracyclosqualene itself, the only 
advantage of the method being that the monoterpene and diterpene 
fractions are preserved. 

Group 5, which was obviously composed of diterpenes, was treated 
as a whole with sulphur, but failed to yield a dehydrogenation 
product that would form a solid picrate. 

Preparation of an Isomeric Tetracyclosqualene.—On one occasion, 
for reasons of economy, squalene was caused to cyclise by the use of 
formic acid which had previously been employed for the same 
purpose. A comparatively mobile liquid was obtained which could 


not be further changed by treatment with fresh formic acid: b. p. 
5 o* 
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228—230°/3 mm., 43% 0-9237, mn?’ 1-5098, [Rz]p 132-7, iodine 
value 111-3 (calc. for C,5H,|7, 124). 

On treatment of this new compound (245 g.) with sulphur (140 g.) 
at 200—280° as described above, 56 g. of volatile products were 
obtained. These were fractionated into (1) b. p. 70—120°/15 mm., 
(2) b. p. 120—165°/15 mm., and (3) b. p. 165—185°/15 mm. On 
treatment of these fractions with alcoholic picric acid, No. 2 readily 
yielded 4 g. of a picrate, m. p. 139—140°, identical with that already 
obtained from the compound C,,H,,. 


In conclusion, we desire to record our thanks to the Department 
of Scientific and Industrial Research for grants which enabled this 
work to be carried out. 


THE UNIversity, LIVERPOOL. [Received, November 2nd, 1926.] 


CCCCXXII.—Derivatives of Acenaphthpyridine. 
Part I. 


By SrikuMARAN Unni Naim and Joun LIoNEL SIMONSEN. 


DvRING an investigation of derivatives of naphthaquinoline (this 
vol., p. 2247) it was observed that, whilst «-naphthylamine itself 
could not be condensed with paraldehyde, its derivatives substituted 
in the 4-position readily underwent this reaction. In order to 
ascertain whether 4-substitution was the determining factor, we 
decided to examine the condensation of 5-aminoacenaphthene with 
paraldehyde, since this base may be regarded as a derivative of 
«-naphthylamine in which the 4-position is substituted. 

Cyclic nitrogen derivatives containing the acenaphthene nucleus 
have been little investigated and it was only when this work was 
nearing completion that a paper appeared (Stewart, J., 1925, 127, 
1331) in which an account was given of the preparation of ace- 
naphthpyridine.* 

When digested with hydrochloric acid, 5-aminoacenaphthene 
and paraldehyde readily condense with formation of 2-methyl- 
acenaphthpyridine (1), thus confirming the suggestion that substitu- 
tion in position 4 is the deciding factor in this reaction. On reduc- 
tion with sodium and alcohol,2-methylacenaphthpyridine is converted 
into the corresponding telrahydro-base, but the yield is poor owing to 
the simultaneous production of more highly reduced bases. No 
better results were obtained by using other reducing agents. 

* The name acenaphthpyridine appears to the authors to be preferable 


to that of a-acenaphthaquinoline, since the latter name should really be given 
to a substance containing both the acenaphthene and the quinoline ring. 
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The condensation of 5-aminoacenaphthene with ethyl acetoacetate 
proceeds like that of «- and ®-naphthylamines. A description of 
the products is given below. 
H,O—CH, H,C—-CH, 
(III.) 
NH:CO-CH:CMe-NH 
H,0—-CH, H,C—-CH, 


(IV.) 


NH-CO-NH 
NH-CMe:CH-CO,Et 


ExPERIMENTAL. 


Condensation of 5-Aminoacenaphthene and Paraldehyde. 2-Methyl- 
acenaphthpyridine (1).—A mixture of 5-aminoacenaphthene (10 g.), 
hydrochloric acid (d 1-19; 20 g.), and paraldehyde (15 g.) developed 
an intense red colour at 50°, a vigorous reaction took place at 70°, 
and after 15 minutes the condensation was completed by heating 
at 110° for 5 hours. An excess of alkali was added, the semi-solid, 
viscid brown oil that separated was dissolved in dilute sulphuric 
acid and treated with a slight excess of sodium nitrite solution to 
remove the secondary base which had been formed, and the filtered 
solution was made alkaline with ammonia. The base (6 g.) obtained 
was crystallised from dilute alcohol. 2-Methylacenaphthpyridine 
separated from alcohol in irregular, colourless prisms, m. p. 131°, 
which became brown somewhat rapidly on exposure to air. It was 
readily soluble in the ordinary organic solvents except light petrol- 
eum (Found: C, 87-6; H, 6-1; N, 6-7. C,,H,,N requires C, 87-7; 
H, 5-9; N, 6-4%). 

The hydrochloride and hydrobromide were somewhat sparingly 
soluble in water and crystallised in needles. The picrate separated 
from alcohol in glistening, yellow prisms, decomp. 225—226° 
(Found: N, 12-9. C.H,,0,N, requires N, 13-0%). The chloro- 
platinate, which was insoluble in water and alcohol, was deposited 
on the addition of platinic chloride to a solution of the hydrochloride 
as a brown, crystalline powder, decomp. 251—252° (Found: Pt, 
231. C,,H,,.N.Cl,Pt requires Pt, 230%). 

2-Methyl-1 : 2 : 3 : 4-tetrahydroacenaphthpyridine—A solution of 


2-methylacenaphthpyridine (10 g.) in boiling alcohol (600 c.c.) was 
5 0*2 
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treated with sodium (40 g.), the alcohol then removed in steam, and 
the tetrahydro-base separated by ether. It distilled at 215—217°/14 
mm.; the distillate, which slowly crystallised, separated from alcohol 
in glistening prisms, m. p. 88—89° (Found: C, 85-9; H, 7:9; 
N, 6-5. C,,H,,N requires C, 86-1; H, 7-6; N, 63%). The base, 
which was readily soluble in all the ordinary organic, media except 
alcohol, gave strongly fluorescent solutions which darkened rapidly 
on exposure to the air. The yield of tetrahydro-base was very 
poor, a considerable quantity of liquid bases of lower boiling point 
being formed simultaneously. When other reducing agents such 
as sodium amalgam, tin and hydrochloric acid, and amalgamated 
zine and hydrochloric acid were used, the original base was recovered 
unchanged. 

The hydrochloride separated from dilute alcohol in ill-defined 
crystals, decomp. 260—261° (Found: Cl, 13-8. C,,H,,N,HCl 
requires Cl, 13-79%). The benzoyl derivative crystallised from 
alcohol in rectangular plates, m. p. 187—188° (Found: C, 84-1; 
H, 6-8. C,,3H,,ON requires C, 84-4; H, 6-4%). 

Condensation of 5-Aminoacenaphthene and Ethyl Acetoacetate.— 
(i) Ethyl 8-5-acenaphthylaminocrotonate (II). To a mixture of 
5-aminoacenaphthene (9 g.), ethyl acetoacetate (7 g.), and sufficient 
alcohol to give a clear solution, piperidine (2 drops) was added. 
After 12 hours, the crystalline solid was collected; it recrystallised 
from alcohol in plates, m. p. 83—84°. The ester was readily soluble 
in the ordinary organic solvents (Found: C, 76-9; H, 6-9; N, 5:3. 
C,,;H,,0,N requires C, 76-9; H, 6-8; N, 5-0%). 

4-Hydroxy-2-methylacenaphthpyridine, obtained in a quantitative 
yield when ethyl 8-5-acenaphthylaminocrotonate was heated to 220°, 
crystallised from acetic acid in thin, glistening plates, m. p. above 
330°. It was insoluble in all the ordinary solvents except acetic 
acid and nitrobenzene, showed very feeble basic properties, and gave 
no colour with ferric chloride (Found: C, 81-5; H, 5-6; N, 6-0. 
C,,H,,0N requires C, 81:7; H, 5-5; N, 60%). 

(ii) B-5-Acenaphthylaminocroton -5-acenaphthylamide (III).—A 
mixture of 5-aminoacenaphthene (23 g.) and ethyl acetoacetate 
(18 g.) was heated on the water-bath for 8 hours, a further equal 
quantity of ethyl acetoacetate then added, and the heating con- 
tinued for 5 hours at 170°. The cooled solid residue was powdered, 
thoroughly washed with alcohol, and crystallised from toluene, 
which left undissolved a small quantity of a substance (A). 

8-5-Acenaphthylaminocroton-5-acenaphthylamide crystallised in 
rosettes of needles, m. p. 189—190°. It was insoluble in water, 
somewhat readily soluble in acetic acid, ethyl acetate, acetone, or 
pyridine, and more sparingly soluble in benzene or chloroform 
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(Found: C, 83:2; H, 6:2; N, 7-1. CygH,,ON, requires C, 83-2 
H, 59; N, 6-9%). 

5-Acetoacetamidoacena phthene.—The crotonamide (III) (20 g.) was 
mixed with hydrochloric acid (320 c.c. of 4°) and heated on the water- 
bath for 15 minutes. The solid product, after being washed with 
boiling water to remove 5-aminoacenaphthene hydrochloride, crystal- 
lised from dilute alcohol in fine needles, m. p. 142—143° (Found : 
C, 76-0; H,6-2; N,5-9. C,¢H,,0,N requires C,75-9 ; H, 5-9; N,5-5%). 

2-Hydroxy-4-methylacenaphthpyridine—A mixture of 5-aceto- 
acetamidoacenaphthene (11 g.) and concentrated hydrochloric acid 
(10 ¢.c.) was heated on the water-bath for 10 minutes; the solid 
that separated on pouring the product into water was repeatedly 
extracted with boiling water to remove 5-aminoacenaphthene 
hydrochloride formed by hydrolysis. The hydroxy-base crystallised 
from nitrobenzene in glistening prisms, m. p. above 350°. It was 
extremely sparingly soluble in the ordinary solvents and gave no 
colour with ferric chloride (Found: C, 82-0; H, 5-8; N, 6-3. 
C,,H,,;0N requires C, 81:7; H, 5-5; N, 60%). A solution in hot 
hydrochloric acid, on cooling, deposited a sparingly soluble hydro- 
chloride which was readily dissociated by water. 

2-Chloro-4-methylacenaphthpyridine.—A suspension of the hydroxy- 
base (0-6 g.) and phosphorus pentachloride (1 g.) in phosphorus 
oxychloride (10 c.c.) was heated at 107° for 3 hours. After addition 
of ice, the chloro-compound was collected; it crystallised from 
alcohol in needles, m. p. 200—201°. It was readily soluble in 
benzene, chloroform, or acetic acid, somewhat sparingly soluble in 
alcohol, and insoluble in light petroleum (Found: N, 5-6; Cl, 14-0. 
Ci gH, NCI requires N, 5-5; Cl, 140%). 

4-Methyl-1 : 2:3 : 4-tetrahydroacenaphthpyridine was obtained by 
reducing the above chloro-derivative with sodium and alcohol. 
After purification through the sparingly soluble hydrobromide, it 
crystallised from alcohol in fine needles, m. p. 87—88° (Found : 
C, 85-9; H, 7-8. C,,H,,N requires C, 86-1; H, 7-6%). 

s-Di-5-acenaphthylcarbamide (IV).—The substance (A) (see p. 3142) 
which was insoluble in toluene crystallised from much nitrobenzene 
in prismatic needles, m.p. 318°. It was identified as the substituted 
carbamide by direct comparison with a specimen prepared by heat- 
ing a mixture of urea and 5-aminoacenaphthene at 200° for 2 hours 
(Found: C, 82-5, 82-1*; H, 5-6,5-5*; N, 8-4. C,;H. ,ON, requires 
C, 82-4; H, 5-5; N, 7-7%). : 

Inpian InstituTEe oF ScrIENcE, 

BANGALORE. [Received, November Ist, 1926.] 


* Specimen prepared from urea. 
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CCCCXXITI.—3-Methoxy-2-phenylindole and 
3-Benzoylamino-2-phenylindole. 
By Rosert Roptnson and Sripngry THORNLEY. 


THE substances mentioned in the title have been prepared in order 
to show that E. Fischer’s method can be extended to the synthesis 
of indole derivatives in which an oxygen or a nitrogen atom ig 
directly attached to the pyrrole nucleus. 


3-Methoxry-2-phenylindole, CH <M Scrh—a mixture of 


w-methoxyacetophenone (10 g.) (Pratt and Robinson, J., 1923, 123, 
748 ; compare Malkin and Robinson, J., 1925, 127, 372) and pheny]- 
hydrazine (10-7 g.) became warm and when the initial reaction 
ceased the formation of the phenylhydrazone was completed by 
heating on the steam-bath for 5 minutes. Acetic acid (100 c.c.) 
was then introduced and the yellow solution heated; it gradually 
became redder and at a certain stage a strong exothermic reaction 
occurred and the liquid boiled spontaneously. The crimson solution 
was then boiled for 40 minutes, cooled, and added to much water. 
The oil quickly crystallised; it was dried and repeatedly extracted 
with boiling petroleum (b. p. 80—100°), the yellowish-brown 
material which crystallised from the filtered solutions weighing 
9-5 g. On recrystallisation from the same solvent, almost colour- 
less prisms, m. p. 106°, were obtained (Found: C, 80-7; H, 5:8; 
N, 6-4. C,;H,,ON requires C, 80-7; H, 5-8; N, 6-3%). 

3-Methoxy-2-phenylindole is readily soluble in the usual organic 
solvents with the exception of light petroleum; it separates from 
aqueous alcohol in leaflets. The substance is somewhat sensitive 
to acids and its conversion into phenylindoxyl] has not been accom- 
plished smoothly. The action of a boiling mixture of phenol and 
hydrobromic acid (d 1-7) gave rise to products having the reactions 
of phenylindoxyl and of 2-phenylindolone—2-phenylindoxyl (Kalb 
and Bayer, Ber., 1912, 45, 2150), but these could not be fully purified. 

Reduction by hydriodic acid. A mixture of methoxyphenylindole 
(3 g.), phenol (30 g.), and hydriodic acid (20 c.c.; d 1-7) was boiled 
for 1} hours. After cooling, addition of water and sodium hydroxide, 
isolation of the solid precipitate, and crystallisation from petroleum, 
0-7 g. of the crude material was obtained. The substance was 
identified as 2-phenylindole and after crystallisation from alcohol 
had m. p. 186°, alone or mixed with a specimen prepared as described 
by Fischer (Annalen, 1886, 236, 133). 


3-Benzoylamino-2-phenylindole, Oda HBz)cPh—o- 
Benzoylaminoacetophenone (Robinson, J., 1909, 95, 2167; Gabriel, 
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Ber., 1910, 43, 134) forms a phenylhydrazone which crystallises from 
alcohol in stout, colourless needles, m. p. 153° (Found: N, 12-7. 
C,,H,,ON; requires N, 12:8%). The indole derivative was normally 
obtained without isolating this intermediate. A mixture of 
«-benzoylaminoacetophenone (22 g.) with phenylhydrazine (23 g.) 
was heated on the steam-bath for } hour, and acetic acid (220 c.c.) 
then introduced. The orange liquid was heated over gauze; it 
became crimson and a vigorous reaction ensued ; finally, the solution 
was boiled for 1 hour. The yellow, viscous mass obtained on the 
addition of water soon hardened and was collected, dried, and 
crystallised from toluene. The total yield, including a portion 
recovered from the mother-liquor by concentration and addition 
of light petroleum, amounted to 12 g. The substance crystallises 
from toluene in tablets, m. p. 206°. In another experiment, the 
dried crude product was twice extracted with a mixture of equal 
volumes of benzene and light petroleum; the residue crystallised 
from aqueous alcohol in silvery leaflets, m. p. 201-5° (Found : 
C, 80-8; H, 5-2; N, 8-9. C,,H,,ON, requires C, 80:8; H, 5-1; 
N,9-0%). The melting point of a mixture of the tablets and leaflets 
was 206°. The substance is readily soluble in ethyl alcohol, acetone 
or acetic acid, moderately readily soluble in methyl alcohol, ethyl 
acetate, toluene, or xylene, less soluble in benzene or chloroform , 
and sparingly soluble in light petroleum. 

Numerous attempts were made to hydrolyse this amide under 
the most varied conditions, but in no case could the process be 
smoothly accomplished. Benzoylaminophenylindole (0-5 g.) mixed 
with ethyl alcohol (10 c.c.) and concentrated hydrochloric acid 
(10 c.c.) was heated in a sealed tube at 125—130° for 4 hours. Water 
was added, unchanged material removed by extraction with ether, 
and the aqueous layer basified; the precipitated solid, crystallised 
from benzene, had m. p. 171-5°. Furthermore, in an attempt to 
prepare a derivative of 6-carboline by intramolecular condensation, 
a mixture of benzoylaminophenylindole (0-5 g.) and an excess of 
phosphorus trichloride was boiled for 5 minutes. After treatment 
with water, filtration, and basification, a substance was isolated 
which was crystallised from benzene—-petroleum. This had m. p. 
174° and a mixture with the specimen, m. p. 171-5°, had m. p. 172° 
(Found: N, 13-5, 13-2. Calc. for C,,H,.N,: N, 13-4%). Fischer 
and Schmitt (Ber., 1888, 21, 1074) prepared 3-amino-2-phenyl- 
indole by reducing 3-nitroso-2-phenylindole and state that it has 
m. p. 174°. 


THE UNIVERSITY, MANCHESTER. [Received, November 13th, 1926.] 
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CCCCXXIV.—The Partial Esterification of Polyhydric 
Alcohols. Part IV. The Oxidation of Allyl Esters 
to a-Monoglycerides. 


By ARTHUR FAIRBOURNE and GRAHAM EDWARD Foster. 


ALLYL alcohol and its homologues have been oxidised to the corre- 
sponding glycerols by potassium permanganate (Wagner, Ber., 
1888, 21, 1231, 3351; 1890, 23, 2313), and sodium chlorate solution, 
activated by a trace of osmium tetroxide (Hofmann, Ber., 1912, 45, 
3335; Hofmann, Ehrhart, and Schneider, Ber., 1913, 46, 1657), 
has also been used in similar reactions. The nearest approach to 
the direct oxidation of an allyl ester to an «-monoglyceride 

CH,:CH-CH,-0-COX —2~°$ OH-CH,-CH(OH)-CH,-0-COX 
so far recorded, however, is Bailly’s synthesis of «-monoglycero- 
phosphoric acid from allylphosphoric acid (Compt. rend., 1915, 160, 
663). 

The failure of the previous attempts (J., 1921, 119, 1038) to 
oxidise allyl esters directly to «-monoglycerides has now been traced 
to the difficulty of finding a suitable solvent, allyl esters being 
practically insoluble in water and most organic solvents being them- 
selves attacked by oxidising agents of the kind required. 

Allyl p-nitrobenzoate and 3 : 5-dinitrobenzoate have been oxidised, 
by suitably treating solutions in acetone with aqueous potassium 
permanganate, to the corresponding «-monoglycerides, which 
have been proved identical with authentic specimens prepared from 
isopropylidene glycerol (Fischer, Ber., 1920, 53, 1596) or monosodium 
glyceroxide (J., 1925, 127, 2759). Glycerol «-2 : 4-dinitrophenyl 
ether (loc. cit., J., 1921) also has been obtained by oxidising allyl 
2: 4-dinitrophenyl ether. The yields are not good, but the method 
is capable of producing «-monoglycerides of a high degree of purity. 

Aqueous sodium chlorate activated by osmium tetroxide (Hof- 
mann, Ehrhart, and Schneider, loc. cit.), and also hydrogen peroxide, 
were unsuccessfully tried as oxidising agents; the latter had no action 
on the allyl esters in acetone solution, and the former oxidised them 
apparently to compounds other than glycerides. 

Allyl picrate (allyl 2 : 4 : 6-trinitrophenyl ether) resisted oxidation 
to the corresponding glyceride and attempts to prepare this substance 
from monosodium glyceroxide and from «-monochlorohydrin failed. 

The allyl esters prepared during this investigation were character- 
ised each by the preparation of the dibromo-derivative. 
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EXPERIMENTAL. 


Allyl p-Nitrobenzoate.—4 G. of quinoline were added to 5-6 g. of 
p-nitrobenzoyl chloride, the product was dissolved in 10—15 c.c. of 
chloroform, 2 c.c. of allyl alcohol were added, and the whole was 
kept for 2 days. Ether was then added in excess and the mixture 
was shaken with water, dilute sulphuric acid, sodium bicarbonate 
solution, and again with water. After the ethereal solution had been 
dried with fused sodium sulphate, the solvent was removed; the 
residual oil solidified on cooling and crystallised from alcohol in 
needles, m. p. 30° (yield, 4:3 g.) (Found: C, 58-5; H, 4:4. Calc.: 
C, 58-0; H, 4:35%). This compound has been described as an oil 
(A.P. 1360994) and as a solid of m. p. 28° (Meisenheimer, Ber., 1919, 
52, 1675). 

Dibromo-derivative. Allyl p-nitrobenzoate and bromine in slight 
excess were kept in chloroform. After } hour, the solvent was 
removed, and the excess of bromine volatilised on a _ water- 
bath; the oily residue, which solidified, crystallised from alcohol 
in plates, m. p. 57—58° (yield, nearly theoretical) (Found: Br, 
43-7. C, »H,O,NBr, requires Br, 43-6%). 

Oxidation of Allyl p-Nitrobenzoate to Glycerol «-Mono-p-nitro- 
benzoate.—A solution of 0-5 g. of allyl p-nitrobenzoate in 100 c.c. of 
acetone was treated with 79 c.c. of 1% aqueous potassium perman- 
ganate. After some hours, the manganese dioxide was removed, 
the filtrate neutralised with dilute hydrochloric acid, the acetone 
distilled off, and the residue evaporated to 40—50 c.c. on a water- 
bath. The hot filtered solution deposited over-night 0-25 g. of pure, 
crystalline glycerol «-mono-p-nitrobenzoate which, alone or mixed 
with authentic specimens prepared from monosodium glyceroxide 
or isopropylidene glycerol (J., 1925, 127, 2763), melted at 107°. 

Allyl 3 : 5-dinitrobenzoate was prepared, in the same way as the 
p-nitrobenzoate, from 4 g. of quinoline, 6-6 g. of 3 : 5-dinitrobenzoyl 
chloride in 15 c.c. of dry chloroform, and 2 c.c. of allyl alcohol. The 
crude product (5-4 g.), on crystallisation from alcohol, yielded long 
needles, m. p. 50° (compare A. P. 1360994) (Found : C, 47-6; H, 3-5. 
Cale.: C, 47-6; H, 3-2%). 

The dibromo-derivative, prepared in the same way as the preced- 
ing .one (yield, theoretical), crystallised from alcohol in plates, 
m. p. 85° (Found: Br, 38-5. C,,H,O,N,Br, requires Br, 38-8%). 

Oxidation of Allyl 3: 5-Dinitrobenzoate to Glycerol «-Mono-3 : 5- 
dinitrobenzoate.—The glyceride was prepared (65 c.c. of 1% aqueous 
potassium permanganate were used) and isolated in the same way 
as the p-nitrobenzoate. The product, after being dried in a 
vacuum over sulphuric acid, crystallised from chloroform in needles 
which, alone or mixed with an authentic specimen (J., 1925, 127, 


3148 PARTIAL ESTERIFICATION OF POLYHYDRIC ALCOHOLS. PART IV 


2763), melted at 118°. The yield was 0-25 g. from 0-5 g. of allyl 
3 : 5-dinitrobenzoate. 

Oxidation of Allyl 2: 4-Dinitrophenyl Ether to Glycerol «-Mono-. 
2:4-dinitrophenyl Ether —A solution of 0-96 g. of allyl 2: 4-di- 
nitrophenyl ether (J., 1921, 149, 1038) in 130 c.c. of acetone was 
treated with the equivalent quantity of 1% aqueous potassium 
permanganate and kept for 12 hours. The glycerol ether was 
isolated as in the other cases, but the final solution was evaporated 
to 100 c.c. before being left over-night to crystallise. The product 
was dried in a vacuum over sulphuric acid and recrystallised from 
benzene; it then melted at 85°, alone or mixed with an authentic 
specimen of glycerol «-mono-2 : 4-dinitropheny] ether (ibid., p. 1037). 
The yield was 20—30%. 

Allyl 2:4:6-Trinitrophenyl Ether—Picryl chloride (4-9 g.), 
dissolved in 25 c.c. of allyl alcohol, was added to a cold solution 
of 1-14 g. of potassium hydroxide in the same solvent (10 c.c.). 
After 4 hour, the mixture was warmed and poured into 200 c.c. of 
water; the ciher then separated. It crystallised from alcohol in 
long needles (yield, 2—3 g.), m. p. 90° (Found : N, 15-75. CyH,O,N, 
requires N, 15-6%). 

This reaction is erratic and the yield stated is the best obtained. 
In some experiments, no ether was produced, potassium picrate 
being the only substance isolated. 

The dibromo-derivative was prepared and isolated as in the other 
two cases. It crystallised from alcohol in prisms, m. p. 106—107° 
(yield, theoretical) (Found: Br, 37-9. C,H,O,N,Br, requires 
Br, 37:3°%). 


The authors wish to thank the Department of Scientific and 
Industrial Research for a maintenance grant which enabled one 
of them to take part in this investigation. 
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CCCCXXV.—The Partial Esterification of Polyhydric 
Alcohols. Part V. The a-Structure of Alleged 
“« B”’-Monoglycerides. 


By ARTHUR FAIRBOURNE and GRAHAM EDWarRD Foster. 


Grtw (Ber., 1910, 43, 1288) proposed the reaction between 8-mono- 
chlorohydrin and the potassium salts of acids for the preparation of 


B-monoglycerides, 
X-CO,K 


(i) OH-CH,-CHCI-CH,-OH ——> OH-CH,CH(0-COX)-CH,:OH, 
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and claimed to have produced these compounds independently by 
the reaction between esters of «y-dichlorohydrin and silver nitrite, 
followed by treatment with water : 


CH,Cl CH,Cl CH,NO, CH,-OH 
(ii) VH-OH *°° CH-0-COX *8%° CH-0-COX _*° , CH-O-COX 
H,Cl HCl H,-NO, CH,-OH 


Both these methods have now been examined: the latter gives 
a-compounds (compare Gilchrist and Purves, J., 1925, 127, 2735, 
who, when endeavouring to prepare $-methyl glycerol, obtained the 
«-compound instead) and the former depends on an untrustworthy 
initial material. 

The possibility of 8-substitution in the glycerol molecule was first 
confirmed by proving that the p-nitrobenzoates of «y- and a8- 
dibromohydrins are not identical (compare, however, Fischer, Ber., 
1920, 53, 1621, and Gilchrist and Purves, loc. cit., who obtained 
ay-derivatives when they expected to obtain «{). 

The preparation of the alleged “’’-monoglycerides from {- 
monochlorohydrin (Griin’s first method) was next investigated. The 
instructions of Hanriot (Ann. Chim. Phys., 1879, 17, 76) were 
followed and a constant-boiling specimen of “ 8 ’-monochlorohydrin 
was obtained which had physical constants very similar to those of 
the «compound. It was therefore converted into its di-p-nitro- 
benzoate. This differed from the di-p-nitrobenzoate of «-monochloro- 
hydrin only in melting a few degrees lower. The depression was 
caused by an impurity, which could be removed by recrystallisation 
and was shown, by analysis of the crude mixture, to have the com- 
position of a monochlorohydrin di-p-nitrobenzoate. The “p”’- 
monochlorohydrin is, therefore, a mixture of «- and $-monochloro- 
hydrins (compare Smith, Z. physikal. Chem., 1918, 92, 717) and no 
monoglyceride of undoubted structure can be obtained from it by 
Griin’s first method of synthesis (compare Thieme, J. pr. Chem., 
1912, 85, 284; Lipp and Miller, ibid., 1913, 88, 361, regarding the 
untrustworthy nature of the reactions between glycerol chloro- 
hydrins and the potassium salts of acids). 

For the examination of Griin’s second method for synthesising 
“8 ”-monoglycerides the p-nitrobenzoate and 3 : 5-dinitrobenzoate 
of wy-dichlorohydrin were first prepared. They, however, and also 
wy-dibromohydrin p-nitrobenzoate, did not react with silver nitrite 
to yield monoglycerides, and thus the statement was confirmed 
(Griin, loc. cit.) that the synthesis fails with esters of such acids as 
benzoic or acetic acid. 

Finally, Griin’s actual synthesis (Joc. cit.) was repeated, in which 
the laurate of «y-dichlorohydrin was heated with silver nitrite. The 
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alleged “8 ”’’-monolaurin was isolated from the product, and its 
melting point confirmed. Pure «-monolaurin of undoubted struc- 
ture was prepared from isopropylidene glycerol by Fischer’s method 
(Ber., 1920, 53, 1600), and a mixed melting-point determination 
showed that it was identical with the “8”-monolaurin. Further, 
Griin’s ‘‘ 8’-monopalmitin (loc. cit.) was similarly prepared by the 
action of silver nitrite on palmityl wy-dichlorohydrin and proved 
identical with the x-compound prepared from isopropylidene 
glycerol (Fischer, loc. cit., p. 1604). 


EXPERIMENTAL. 


Glycerol «-Monochlorohydrin Di-p-nitrobenzoate—A mixture of 
«-monochlorohydrin (b. p. 135°/32 mm.; supplied by British Drug 
Houses) (2-2 g.) and 5-6 g. of quinoline was dissolved in 5 c.c. of 
dry chloroform, and 7-48 g. of p-nitrobenzoyl chloride, dissolved in 
10—15 c.c. of dry chloroform, were added slowly with cooling. After 
24 hours, ether was added and the mixture was shaken with water, 
dilute sulphuric acid, sodium bicarbonate solution, and again with 
water. The ethereal extract was dried over fused sodium sulphate, 
and the solvent removed. The residual oil (yield, quantitative) 
solidified and was then washed with alcohol and acetone and crystal- 
lised from ligroin-acetone, needles, m. p. 107—108°, being obtained 
(Found: C, 50:5; H, 3-6. Cj ,H,,0,N,Cl requires C, 49-95; 
H, 3-2%). 

“Glycerol 8-monochlorohydrin di-p-nitrobenzoate”’ was pre- 
pared in exactly the same way from the alleged 6-monochlorohydrin 
obtained by Hanriot’s method (loc. cit.). The di-p-nitrobenzoate 
crystallised from ligroin—acetone in needles resembling those 
described above but melting indefinitely at 100—104°. (A mixture 
of the two specimens melted at a slightly higher temperature.) 
After several recrystallisations from ligroin—-acetone, however, 
«-monochlorohydrin di-p-nitrobenzoate was obtained which, alone 
or mixed with an authentic specimen, melted at 107—108°. 

The impurity in the crude product of m. p. 100—104° was proved 
to be an isomeride by analysis of the latter (Found : C, 50-4; H, 3:5. 
Cale. : C, 49-95; H,3-2%). By continued fractional crystallisation, 
a substance, m. p. 121—122°, was isolated; this lowered the m. p. 
of «-monochlorohydrin di-p-nitrobenzoate and was probably the 
true 8-isomeride, but the quantity obtained was too small for 
accurate analysis (Found: C, 51-8; H, 38%). 

Glycerol wy-Dichlorohydrin p-Nitrobenzoate (compare Conant and 
Quayle, J. Amer. Chem. Soc., 1923, 45, 2771).—«y-Dichlorohydrin 
(b. p. 175—177°; 5-16 g.) was treated with quinoline (5-6 g.) and 
p-nitrobenzoyl chloride (7-48 g.) in dry chloroform (15—20 c.c.); 
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the ester, isolated from the product in the usual manner, was quite 
pure and melted at 59—60° (yield, quantitative). 

Glycerol wy-dichlorohydrin 3: 5-dinitrobenzoate was prepared by 
the same method, 8-8 g. of 3 : 5-dinitrobenzoyl chloride being used 
in place of p-nitrobenzoyl chloride. The product crystallised from 
alcohol in needles, m. p. 129° (yield, quantitative) (Found : Cl, 21-5. 
C,9HgO,N.Cl, requires Cl, 22-0%). 

Glycerol wy-dibromohydrin p-nitrobenzoate was obtained in almost 
quantitative yield from 4-58 g. of «y-dibromohydrin (Aschan, Ber., 
1888, 21, 2890), 3-93 g. of p-nitrobenzoyl chloride, 3 g. of quinoline, 
and 15 c.c. of dry chloroform. It crystallised from alcohol in 
needles, m. p. 77—78° (Found: C, 33-0; H, 2-7. C,j)H,O,NBr, 
requires C, 32-7; H, 2-5%). This compound is obviously not iden- 
tical with the p-nitrobenzoate of «8-dibromohydrin (preceding paper). 

Preparation of the Alleged “ 8°’-Monolaurin——This compound 
was prepared by Griin’s method (Ber., 1910, 43, 1289). The lauryl 
«y-dichlorohydrin obtained boiled at 155—160°/i mm. and the 
“8”-monolaurin melted at 61-5—62°. The lauryl «y-dichloro- 
hydrin was alternatively prepared by the method described above 
for the p-nitrobenzoate. It then occurred as a solid, m. p. 3°. 

Preparation of «-Monclaurin.—This compound was prepared from 
isopropylidene glycerol by Fischer’s method (Ber., 1920, 53, 1600). 
The lauryl isopropylidene glycerol obtained, b. p. 155—156°/1 mm., 
was hydrolysed to «-monolaurin by cold hydrochloric acid in the 
way he described (loc. cit.). After recrystallisation from ether- 
ligroin solution this melted at 62°, and at 61-5—62° when mixed 
with the alleged ‘“ 8 ’’-monolaurin (m. p. 61-5—62°). 

Preparation of the Alleged ‘“‘ 8’’-Monopalmitin.—This compound 
was also prepared by Griin’s method (ibid., 1290). The palmityl 
wy-dichlorohydrin crystallised from alcohol, m. p. 34° (compare 
Whitby, this vol., p. 1460), and the ‘8’’-monopalmitin melted at 
74—75°. 

Preparation of «-Monopelmitin.—This compound was prepared 
from isopropylidene glycerol by the method of Fischer (loc. cit., 
p- 1604), and crystallised from ligroin(b. p. 60—80°) in plates 
which melted at 74—75° alone or mixed with the alleged “6” 
monopalmitin. 


The authors wish to express their indebtedness to the Chemical 
Society for a grant.which has partly defrayed expenses incurred in 
this work, and also to the Department of Scientific and Industrial 
Research for a maintenance grant which enabled one of them to 
take part in it. 


Kina’s Cottecr, Lonpon, W.C. 2. 


[Received, October 4th, 1926.] 


3152 THE ABSOLUTE DENSITY, ETC., OF SILICON TETRACHLORIDE. 


CCCCXXVI.—The Absolute Density and Coefficient of 
Expansion of Silicon Tetrachloride. 


By Percy Lucock Roxsryson and Haroip Ceci Smita. 


Ir has been already reported (Nature, 1926, 118, 303) that the 
densities and coefficients of thermal expansion of silicon tetra- 
chloride previously given by us (this vol., p. 1262) were relative, 
the difference in density of the glass floats at the temperature of 
standardisation and of use not having been considered. The makers 
of Durosil glass give 14-1 x 10-6 as the coefficient of cubical expan- 
sion. Prof. W. E. 8. Turner, to whom we applied for information, 
very kindly calculated the probable value from its composition 
and obtained 15 x 10-6. We have since made a rough measurement 
by a flotation method and our results indicate that the second value 
is probably nearer to the truth. If corrections based on this figure 
are applied to the data in Table VIII (loc. cit., p. 1279) the new 
values of the absolute density are as set out in Table I, in which 
for the sake of comparison the previous relative results also are 
incorporated. Table II gives the coefficients of thermal expansion 
derived from these new values. 


TABLE I. 
Relative d at Diff. from mean Absolute d at Diff. from mean 
Source. 20-00°. ( x 108). 20-00°. ( x 108). 
Canada ...... 1-481231 —14 1-481461 —14 
SY Se 1-481230 —15 1-481461 —14 
Sweden ...... 1-481223 —22 1-481454 —21 
Scotland ...... 1-481266 +21 1-481496 +21 
France......... 1-481273 +28 1-481503 +28 
Mean ...... 1-481245 +20 1-481475 +20 
TABLE II. 
Relative coeff. Diff. from mean Absolute coeff. Diff from mean 
Source. of expansion. (x 107). of expansion. (x 107). 
Canada ...... 0-:0014163 +39 0-0014082 +38 
Wiha * cesses 0-0014109 —15 0-0014029 —15 
Sweden ...... 0-0014136 +12 0:0014056 +12 
Scotland ...... 0-0014083 —41 0-0014005 —39 
France......... 0-:0014129 + 6 0-0014047 + 3 
Mean ...... 0-0014124 +22 0-:0014044 +21 


Thus, silicon tetrachloride has a density of 1-481475 with a cal- 
culated probable error of + 0-0;68, and a coefficient of thermal 
expansion of 0-0014044 with a calculated probable error of -- 0-0,87. 

Evidently the application of these corrections leaves unaltered 
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the relative atomic weights derived from the densities, and does not 
affect our previous conclusion that silicon shows no greater variation 
than 0-005 unit in the samples examined. 


UNIVERSITY OF DURHAM, Tur SEconpDARyY ScHOOL, 
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CCCCXXVII.—The Thermal Reactivity of Ozone in 
Presence of Hydrogen. 


By JosEPpH WaTKIN BELTON, ROBERT OwEN GRIFFITH, and 
ANDREW McKeown. 


In a previous communication (Griffith and McKeown, J., 1925, 
127, 2087) it was noted that helium, argon, nitrogen, and carbon 
dioxide exert a definite positive catalytic effect on the rate of 
thermal decomposition of ozone at 100°, whilst oxygen retards the 
deozonisation. We have now extended the measurements to include 
the effect of hydrogen on the same reaction. The interpretation of 
the results is in this case complicated by the simultaneous formation 
of water by reaction between hydrogen and ozone; the only 
publication relating to this thermal reaction, so far as we are aware, 
is that of Pickel (Z. anorg. Chem., 1904, 38, 307), who established 
qualitatively its occurrence at temperatures between 80° and 226°. 
Data of a more quantitative character have been obtained for the 
corresponding photochemical reaction—in ultra-violet light by 
Weigert and Béhm (Z. physikal. Chem., 1915, 90, 194) and in the 
visible region by Griffith and Shutt (J., 1923, 123, 2752). In both 
cases, hydrogen, in addition to reacting with part of the ozone to 
give water, produces a marked accelerating effect on the deozonis- 
ation process itself. For example, in the experiments of Griffith 
and Shutt a mixture of hydrogen, oxygen, and ozone at ordinary 
pressure and containing 20° of hydrogen had an intrinsic rate of 
deozonisation about four times that obtained in the absence of 
hydrogen. This increase is considerably greater than that found 
with corresponding amounts of any of the gases helium, argon, 
nitrogen, and carbon dioxide for both the thermal and the photo- 
chemical mode of decomposition, but is of the same order of mag- 
nitude as the positive catalytic effect of hydrogen now obtained for 
the thermal decomposition. 


EXPERIMENTAL. 


The apparatus and the experimental method were essentially 
those employed by Griffith and McKeown (loc. cit.). Ozonised 
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oxygen was generated by the method of Fischer and Massenez, 
which with suitable anode cooling gave a yield of ozone up to 
10—11% by volume. Hydrogen was prepared by the electrolysis 
of a sodium hydroxide or baryta solution. The gases, collected in 
approximately the required proportions, were mixed and dried 
over-night above concentrated sulphuric acid. The exact com- 
position of the system before reaction was obtained as follows: 
The ozone content of a known volume was determined iodometrically, 
and the hydrogen content by collecting a sample of the mixture over 
potassium iodide solution and sparking over water. 

The glass reaction tube (Tube D of the previous communication ; 
loc. cit., p. 2088) always contained 3—5 c.c. of concentrated sul- 
phuric acid spread along its whole length and covering about 
one-eighth of its inner surface. Since no part of the gaseous phase 
was more than 2 cm. distant from the acid surface, this disposition 
was considered efficient for the immediate removal of water vapour 
from the gaseous phase. Observations were made at two tem- 
peratures, approximately 78° and 100°, by using alcohol vapour or 
steam for jacketing the reaction- and compensator-tubes. The 
total pressure of the system (measured at 100°) ranged between 
400 and 1000 mm. Hg; the content of hydrogen was varied between 
2 and 50%, and the ratio of oxygen to ozone in the gas was usually 
about 11. 

The course of the reaction was followed by time readings of the 
pressure increase or decrease of the system as registered by a sulphuric 
acid manometer. The pressure change is the sum of two opposite 
effects, the process of deozonisation being attended by an increase 
of pressure, whilst the reaction between hydrogen and ozone, with 
absorption of the resultant water, is accompanied by a decrease. 
Of special significance for purposes of calculation are (1) the 
maximum pressure usually attained at some time during the course 
of a run, and (2) the final pressure reached when all the ozone has 
reacted. Actually a maximum pressure was obtained only when 
the initial hydrogen concentration was within certain limits relative 
to the ozone concentration. With very low hydrogen concentra- 
tions, the pressure increased progressively and the theoretical 
maximum was not reached in the time of observation—usually 
3—5 hours. With high hydrogen concentrations, the pressure 
decreased from the beginning, and either a maximum was not 
theoretically possible, or it occurred so near the start that it escaped 
detection. (On raising the temperature of the system, before 
significant readings could be taken, a few minutes were always 
necessary to allow the reaction- and compensator-tubes to attain 
a uniform temperature.) At 78°, where the rate of reaction is 
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much slower, the upper limit of hydrogen concentration, for which 
a pressure maximum could be recorded, was higher than at 100°. 
Interpretation of Experimental ‘Data.—In certain cases, a check 
on the manometric readings was attempted by direct analysis of 
the system for ozone and hydrogen after the reaction had pro- 
ceeded to a considerable extent. The results of the six experi- 
ments for which this was done are in Table I, in which p is the 
observed pressure change (in mm. of sulphuric acid), a and a’ the 
initial and the final concentration of ozone (g.-mol. per litre), and 
b and b’ the initial and the final concentration of hydrogen. All 
except the last of these experiments were carried out at 100°. — 


TABLE I. 

p- a. a’. b. e. b’ (cale.). 
20-0 0-001757 0-000042 0:004948 0:004419 0-004454 
1-495 0-:003102 0-000016 0-006726 0-005879 0-:005889 
—16-8 0-001753 0-000055 0-:007232 0-:006560 0-006601 
— Fl] 0-001551 0-000115 0:006472 0-005890 0-005964 
+ 4-1 0-002140 0-000021 0-006570 0-005812 0-005879 
— 35-5 0-001670 0-000155 0:01048 0-009738 0-009837 


The table shows that, whilst an appreciable amount of hydrogen 
reacts, the change in the concentration of hydrogen is always less 
than that of ozone. The figures in the last column were calculated 
in the following manner. In addition to the reaction (2) 20, —> 
30,, there takes place a water-forming reaction which may be either 
(1) H, + O, —> H,O + O,, or (1’) 3H, + O, —> 3H,O. Assum- 
ing that (1) is the reaction which occurs, then the disappearance of 
(5—b’) mols. of hydrogen involves a pressure decrease (the water 
formed being absorbed by sulphuric acid) of A(b—0’), where A is a 
calculable constant. The total ozone reacting is (a—a’) mols., 
of which {a—a’—(b—b’)} mols. react according to (2), involving 
a pressure increase of Afa—a’ — (b—0’)}/2. The net pressure 
change is thus Afa—a’ — (b—b’)}/2 — A(b—2’), i.e., Afa—a’ — 
3(6—b’)}/2. Equating this to the observed pressure change p, and 
substituting the values of a, a’, and b, the value of b’, that is the 
final concentration of hydrogen, can be calculated. 

There is a systematic discrepancy of about 1% between the 
calculated and the observed values of 6’. In all probability this 
error is inherent in the experimental measurement of the final 
concentration of hydrogen, since the sample for analysis could be 
taken conveniently only from the reaction-tube maintained at 
100° (or 78°), and containing the reacting system at a pressure 
greater than atmospheric. The hydrogen content obtained would 
tend to be too low owing to failure to obtain a representative sample 
of the gas mixture. An alternative cause of the discrepancy would 
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be the partial formation of hydrogen peroxide, but the necessary 
assumption that the peroxide should remain undecomposed in the 
gaseous phase in the presence of ozone is untenable. Unfortunately, 
the other stoicheiometric possibility (1’), taken in conjunction with 
(2), leads to exactly the same calculated values of b’ as in the table 
above, so that analytically it is impossible to differentiate between 
the mechanisms (1) and (1’) for the disappearance of hydrogen. 
Thus, assuming reactions (2) and (1’) to occur, the pressure decrease 
associated with the disappearance of (b—b’) mols. of hydrogen is 
now 4A (b—2’)/3, and the pressure increase due to the deozonisation 
of the remaining {a—a’ — 1(b—0’)} mols. of ozone is A{a—a’ — 
4(b—0')}/2. The net pressure change is thus A{a—a’ — 3(b—v’)}/2 
as before. From the kinetic point of view, however, reaction (1) is 
much more probable than (1’). If reaction (1’) does occur, it will 
be a two-stage reaction of the type: 


(a) O, + H, —> H,O + O,(activated) 
(b) O,(activated) + 2H, —> 2H,O 
| or possibly 
| O,(activated) + H, —> H,0, 
(2) H,O, + H, —> 2H,0 or 2H,0O, —> 2H,0O + O,. 


Another conceivable alternative for (d) would be (e) H,O, +- 0, 
—> H,O + 20,, which, in conjunction with (a) and (c), is equivalent 
to (1). In view of these complications, all of which it would be 
impossible to take into account in the kinetic treatment, we have 
deemed it best to base our calculations on the assumption that only 
reactions (1) and (2) occur. If any of the reactions (b), (c), and 
(d) do take place, a certain error will be introduced into the values 
calculated below for the intrinsic rates of reaction (2) and the reaction 
forming water. The error for the former cannot be very serious in 
the experiments with not too high partial pressures of hydrogen, 
and it will be in such a direction as to give too small values for the 
velocity coefficient k, of the deozonisation reaction (2). On the 
other hand, our calculated values of k,, the velocity coefficient fer 
reaction (1), will be too high if reactions (b), (c), and (d) occur; 
here the error will be greater, up to a maximum of three times the 
calculated velocity coefficient. 

We assume that the two simultaneous reactions (1) and (2) 
conform to the bimolecular law. This is at least approximately 
true for the latter process in the absence of hydrogen and in tubes 
free from catalysing action, although the absolute value for the 
velocity coefficient depends upon the concentrations of oxygen and 
other non-reactive gases present. If the presence of hydrogen also 
affects the velocity of (2), this effect will probably be manifested in 
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the variation of the velocity coefficient with varying initial con- 
centration of hydrogen, but the small change in the concentration 
of hydrogen throughout any particular run can produce very little 
trend in the coefficients obtaining for that run. 

Accordingly, if and y represent the amounts of ozone which 
have reacted after a time ¢ according to (1) and (2), respectively, 
then 


dx/dt=ka—x—y)b—2z) . . «. « (3) 
dy /dt = k,(a — x — y)* (4) 
and Oe 


where p, is the change in pressure of the system (at constant volume) 
and A, a, b, k,, and k, are as already specified. Since we do not 
know x and y separately at various times during a run, the evalu- 
ation of k, and k, can be effected only by an indirect process which 
is both involved and laborious. From (3) and (4) we obtain 


dy/dz =k (a—x—y)/k(b—2z) . . «. . (6) 
the solution of which (with initial conditions x = 0, y = 0) is 


b—=2x {(K — lja+ b\(6 oe i . 
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where K is written for the ratio k,/k,. It is now possible to evaluate 
EK, either from the conditions obtaining at the maximum of 
pressure (p,,) or from the final conditions when all the ozone has 
disappeared. 
In the first case, at the moment when the pressure has attained 
a maximum value, the rate of disappearance of ozone according to 
reaction (2) must be just double its rate of disappearance according 
to (1), so that 
2 = Ky,(@ — %m — Ym)/(b — Xm) - - - « (8) 
where the suffix m refers to conditions at the maximum. This 
equation, combined with 
Dm = Alita — Tm) - - © © = « (B) 
and 


dies —" b — Xm (Kn — l)a + 6) b — Xm\%m , 
cite ina = tah a ey eae Ae: Pee 


leads to 
{(35 pag @1)Kn,/b(3Km sig 2)}im saps (3b st 1) /{(Km — Te +- b} - (9) 


in which a, = a — 2p,,/A, from which the value of K, can be 
obtained by trial. 


3158 BELTON, GRIFFITH, AND MCKEOWN: THE THERMAL 


At the end, when the pressure has become constant and all the 
ozone has reacted (suffix 0), we have 
es i Se ee ee | 
and 
>, ~Aflg, —Z,} - - + + « 6 
from which x,, and y,, separately can be calculated. By substitution 
of the value of x,, in the equation 
b—u,,\Fo-1 
b= {(K,, —1)a +3} (7=*) 
which results from (10) and (7’’), i.e., the form assumed by (7’) 
for t = 0, the value of K,, also can be obtained by the method of 
trial and error. 

The possibility of a preliminary test of the kinetic equations (1) 
and (2) is now available, since the values of K,, and K,, calculated 
as above for any particular experiment should be equal. The last 
two columns of Table IT show that a fair agreement exists in every 
case between these ratios of velocity coefficients, referring as they 
do to two very different epochs in the history of the reacting system. 
The value of K,, is in nearly every case slightly less than the 
corresponding value of K,,. The latter is likely to be the more 
accurate, since K depends ultimately upon the relevant pressure 
reading (an error of about 1 mm. in this affects the value of K by 
nearly half a unit in most cases), and usually the final pressure 
difference had to be extrapolated from a knowledge of the last 
pressure difference read and the slight residual concentration of 
ozone in the reaction tube when reaction was stopped. 

However, the agreement between K,, and K,, does not necessarily 
imply that (3) and (4) constitute a correct mathematical statement 
of the kinetic laws, since neither equation separately, but only 
their combination in (5), is used for the derivation of equations (9) 
and (11). Any alternatives to (3) and (4) which would also lead to 
(5) would be equally well supported by this agreement. It is 
necessary to calculate the separate velocity coefficients, k, and k,, 
and to find whether these, as well as their ratio, remain constant 
throughout the course of the two simultaneous reactions. An 
analytical solution of the differential equations to give, say, k,, as 
a function of the variables p and ¢ is not possible. We have there- 
fore resorted to the following indirect method. Knowing K from 
the final, or preferably the maximum, conditions, the values of y 
and p corresponding to a series of values of x are calculated from 
(7) and (5), respectively. These are plotted against « and from 
the graphs the values of x and y corresponding to any observed 
pressures p at a known time ¢ are read off. From the series of 
(x, y, t) data thus obtained, equations (3) and (4) can now be solved 
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approximately for £, and k, by the method of finite differences. The 
values thus obtained are given below. 

In the tables, P represents the total pressure of the system, po, 
and py, the partial pressures of oxygen plus ozone and of hydrogen 
respectively (all calculated for 100° in mm. Hg) at the start of an 
experiment, and c the initial concentration of oxygen in g.-mols, 
per litre. The coefficients k, and k, are in absolute units (litres/ 
mols.-minutes) and have been corrected from the temperature of 
experiment (lying for the two series of data within the limits 99-3— 
100-3° and 77-7—78-2°) to the common temperature of 100° or 
78°—this correction amounts in no case to more than a few units 
percent. In general, the velocity coefficients calculated throughout 
a run vary irregularly by not more than 15° from the mean value 
tabulated. However, with concentrations of hydrogen higher than 
that corresponding to a partial pressure of about 200 mm., there is 
always a definite decrease of both k, and k, as the reaction proceeds ; 
this tendency is indicated by tabulating the limits of such falling 
coefficients. 


TaBLe II. 
Hydrogen—Oxygen—Ozone Mixtures at 100°. 
Expt. 
No. P. Dog Paty. @- 10°. B.10%c.10%. ky. a ae 


46 759-6 743-6 16-0 2007 689 2995 0-83 18-4 (22) —_ 
47 758-0 725-4 32-6 2479 1402 2870 1:14 23:0 20:22 — 


43 767-8 722-3 45-5 3052 1955 2754 1:15 26-0 225 22-5 
25 766 720-4 45-6 2597 1962 2811 1-60 28-6 17-83 15-7(?) 
44 764-3 714-5 49-8 2952 2142 2776 117 265 225 — 
48 757-4 706-7 50-7 2224 2181 2815 1:35 27-9 213 — 
49 759-3 687-2 72-1 2069 3100 2746 1:93 368 192 — 
36 768-6 691-7 76-9 2627 3332 2705 1-81 363 20-5 209 
26 757-5 680-1 77-4 2701 3327 2655 2-02 37-0 18-46 17-75 
27 996-6 918-6 78-0 3778 3354 3572 1:72 32-6 18-85 180 
28 498-5 420-4 78-1 1556 3360 1652 260 51:9 200 — 
29 494-3 415-7 78-6 1503 3376 1637 2-57 496 193 — 
30 493-3 414-1 79-0 1625 3424 1615 2-67 531 20-23 186 
31 988-3 895-4 92-9 3457 3999 3505 215 37-2 17-4 17-2 
37 501-9 404-8 97-1 1473 4170 1591 2-78 60-4 21-5 21-0 
50 841-8 728-2 113-6 2211 4884 2908 245 460 187 — 
32 760 636-8 123-2 2032 5295 2532 261 47-8 182 17-25 
381014 878 136-0 2917 5858 3480 2:60 53:3 20-55 19-6 
52 977-0 824-1 152-9 2140 6570 3329 3-27 55:2 17-25 16-9 
33 985-8 829-4 156-4 3102 6727 3256 319 548 17-15 165 
39 786-0 629-5 156-5 2261 6515 2498 3-29 60-5 183 185 
40 1029 868-2 160-8 3212 6908 3406 2-93 544 186 — 
53 975-0 806-8 168-2 1753 7232 3292 337 569 17-2 16-9 
411018 883 185-0 3075 7965 3270 347 629 181 — 
. 5.7. 
34 753-5 459-5 294 1595 12650 "1818 { 10 } {3 } (18-25) 18-25 
aia ae aii ai wey f1l-5-\ f200-) an. ' 
45 757-9 392-7 365-2 1374 15690 1551 {"4'6 } {so \ (17-36) 17-36 
*35 998-6 421-0 69-6 1645 2997 1645 317 60-7 19-06 18-2 


* In this experiment argon also was present, its concentration being 2183 x 
10-° g.-mol./litre. 
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TaB_E III. 
Hydrogen—Oxygen—Ozone Mixtures at 78°. 


No. P. Pos: pu, @.10% 6.10% ¢c.105. ky. ky. x..* 
10 761-2 743-7 17-5 2645 752-5 2932 0-074 1:69 (22-5) 
ll 329-5 311-8 17-7 1049 761-9 1236 0-135 3-06 (22-5) 
12 759-6 727-8 31-77 2549 1366 2873 0-109 2-39 (22-0) 
13 754-2 707-7 46:53 2390 2000 2803 0-150 3-31 (22-0) 
14 758-6 706-2 52-4 2307 2253 2804 0-158 3-47 22-0 
15 760-6 686-0 74-6 2228 3208 2725 0-227 4-65 20-4 
16 500-2 421-8 78-44 1152 3372 1698 0-287 6:36 22-1 
18 799-9 7185 78-6 2279 3381 2872 0-256 65:41 21-1 
17 501-1 420-8 80-26 1368 3450 1672 0-300 6-66 22-3 
19 998 916-5 81-45 3190 3501 3620 0-216 4-56 21-22 
20 830-4 720-7 109-7 2291 4716 2869 0-323 6-64 20-42 
21 870-4 722-5 147-9 1883 6353 2917 0-461 8-86 19-3 


22 918-8 718-5 200-3 1944 8610 2895 {oa {7 } 17-9 

23 Q71-4 726-4 245 1963 10530 2927 foe S17} 17-9 

24 1001 726-4 2746 1897 11810 2931 {oa} {75°} 17-6 
( 0-62— 


54 978 734-3 243-7 1670 10480 2989 {9:38 ea ¢ } 169 


* Values of K, in parentheses have been assumed for the purpose of calcul- 
ating k, and k,. 
Discussion of Results. 


The Ratio k,/k,.—Whilst the two values of this ratio, viz., Kn 
and K_, which can be directly calculated for each experiment are 
equal within the limits of our accuracy, the same agreement does 
not hold between the values of K referring to widely different reacting 
systems. Since, for any one reacting system the hydrogen and 
oxygen concentrations remain approximately constant, whilst the 
ozone concentration varies, we may conclude that K is independent 
of ozone but not of hydrogen or oxygen concentrations. With 
increasing concentration of hydrogen there is a decrease in the value 
of K from about 22 to 17. It is impossible to say whether or not it 
depends also upon the concentration of oxygen present. Again, 
for the same system there is no definite difference between the 
values of K at the two temperatures 100° and 78°, so that the 
temperature coefficients of the two reactions (1) and (2) are 
approximately identical. 

The Velocity Coefficients —The fact that K is not a constant 
independent of the composition of the reacting mixture implies 
that the two kinetic equations (3) and (4) are not sufficiently com- 
prehensive in respect of the dependence of the speeds of reaction 
on the concentration of hydrogen and possibly also on that of 
oxygen; this is also evident from the marked dependence of k, 
and k, on the composition of the reaction mixture. With a con- 
stant partial pressure of oxygen of about 700 mm., the coefficient 
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k, of the deozonisation process increases from its normal value of 
10-4 in the absence of hydrogen to about 60 for a partial pressure 
of hydrogen of 150 mm., and &, increases simultaneously, although 
not quite so rapidly. On the other hand, with constant partial 
pressure of hydrogen, the velocity coefficients definitely decrease 
with increasing concentration of oxygen. In Tables IV and V are 
summarised a few data which serve to illustrate these effects. 


TaBLe IV. TABLE V. 

Variation of k, and k, with py,. | Variation of k, and k, with po,. 
t= 100°. po, = 680—730 mm. t= 100°. pa, > 78 mm. 
Expt. Expt. 

No. Pos Pus ky. ky. No. Pits» Pog ky. &.. 
— 705 —— —_— 10-4 28,29,30 786 417 2-65 651-5 

47 725 326 1-14 23:0 26, 36 77-2 686 1:92 36-7 

43 722 455 1-15 26-0 27 78-0 919 1:72 32-6 

44, 48 711 503 1:26 27:2 

26,36,49 686 75:5 1:92 36-7 t= 100°. py, 3 156-5 mm. 

50 728 113-6 2-45 46:0 39 156-5 630 329 60-5 

33 156-4 829 319 548 
t= 100°. po, = 860—920 mm. 
-- 890 — — 8-6 t = 78°. pp, — 17-6 mm. 

27 919 78:0 1:72 326 4] 17°7 312 0135 3-06 

31 895 92:9 2-15 37:2 19 17-5 744 0-074 1-69 

38 878 136-0 2-60 53:3 

40 868 160-8 2-93 54-4 t = 78°. py, 80 mm. 

5: ) 2.¢ 

. we ee SF OO lg 19 79-4 421 0-294 6-51 

t = 78°. po, = 700—740 mm. = ae ane Gaek cae 
_— 720 — — 1-02 

10 744 175 0-074 1-69 

12 728 318 0-109 2-39 

13 708 46:5 0-150 3-31 

14 706 52:4 0-158 3-47 

18 719 78:6 0-256 5-41 

20 721 109-7 0-323 6-64 

21 723 147-9 0-461 8-86 


One of the most striking results of this work is the very strong 
catalytic effect of hydrogen on the reaction 20, —> 30Q,, com- 
pared with that of the inert gases helium and argon. ‘Thus at 
100°, the value of k, in a mixture of ozonised oxygen with helium 
(po, = 400 mm., py, = 600 mm.) is about 17, in a mixture with 
argon (po, = 400 mm., p, == 600 mm.) about 22, whilst in a mixture 
with the same partial pressure of oxygen but with a partial pressure 
of hydrogen of only 78 mm., the value of k, is 51. ‘This very much 
greater catalytic efiect of hydrogen has also been observed for the 
photochemical reaction in visible light. The values given in the 
tables for k, are minimum values, for, if the stoicheiometric process 
(1’) occurs to any extent our calculated values become too small. 
Moreover, the establishing of the large increase in k, caused by the 
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presence of hydrogen is not dependent on the special assumptions 
made in the interpretation of our experimental data : confirmation 
may be obtained from the initial pressure readings in experiments 
with small partial pressures of hydrogen. Under such conditions, 
the reaction 20, —> 30, takes place with an initial velocity con- 
siderably greater than that of the formation of water; we may 
thus, with small error, neglect any pressure decrease due to the 
latter and equate the observed increase of pressure to that caused 
by the deozonisation reaction. Values of k, have been obtained 
in this way for Expts. 10—14: they agree very well with those 
given in Table III; naturally, owing to neglect of the water- 
forming reaction, they are in all cases slightly lower—usually about 
10%. Confirmation of the catalytic effect of hydrogen was also 
obtained from the results of an experiment in which sulphuric acid 
was omitted from the reaction tube and the water remained as 
vapour. The partial pressure of hydrogen was 150 mm., that of 
oxygen 610 mm., and the temperature 100°. The increase in 
pressure at the start is a measure of the extent of the reaction 
20, —> 30,, since the reaction O, + H, —> H,O + O, is now 
unattended by any pressure change.* The initial value thus 
obtained for k, was 86, which is somewhat greater than the value 
60-5 given in Table II for Expt. 39 in which the initial partial 
pressures of hydrogen and oxygen were comparable with those in 
the present instance. This greater value is probably due to the 
known fact that water vapour catalyses the decomposition of ozone. 

The data of any one section of Table IV give a straight line when 
k, is plotted against py,, within the limits of the rather large experi- 
mental error; thus k, = k,° + B.pg,, where k,° is the velocity 
coefficient in absence of hydrogen and B is a constant. Both 
k,° and B, however, are functions of the partial pressure of oxygen. 
An empirical expression for the dependence of k,° on po, has already 
been given (Griffith and McKeown, loc. cit., p. 2092). The coefficient 
B certainly decreases with increasing partial pressure of oxygen, 
possibly in a manner similar to k,°, but our results are not suf- 
ficiently accurate to enable us to deal quantitatively with this point. 

Table II includes the results of Expt. 35 in which argon was also 
present; the velocity coefficient k, in this case is certainly greater 
than the value which would have been obtained in the same system 
in the absence of argon, but the relative smallness of the effect 
would suggest either that argon affects the term &,° only, or that 
its effect on the coefficient B is slight. 

In view of the doubt as to whether the stoicheiometric process 


* If the reaction O, + 3H,—»>3H,O takes place, it would cause the 
calculated value of k, to be too low. 
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(1') actually occurs or not, the values tabulated for k, are subject 
to a much greater possible error than those of k,. There is no 
doubt, however, that the value of k, is considerably smaller than 
that of k,, and also that the conditions which favour an increase 
in k, have a similar effect on k,, so that the two reactions, the 
deozonisation process and the formation of water, are coupled in 
some way. 


Temperature Coefficients and Reaction Mechanism. 


The temperature coefficient of k, in the absence of hydrogen 
was determined (for three different partial pressures of oxygen) by 
following the pressure change of the same system for some time 
at 78° and then at 100°. The results are given in Table VI. 


TABLE VI. 
Pos k, (é —= 100°). ke (¢ = 78-1°). E. 
332 17°8 1-70 27,960 
743 9-5 0-925 27,750 
1010 7-72 0:76 27,600 


The values calculated for H are derived from the Arrhenius equation 
d log k,/dT = E/RT?; they correspond to a temperature coefficient 
kes19/k, of 2-9. The mean value of EZ is 27,770 cals., as compared 
with 26,740 (Warburg, Ann. Physik, 1902, 9, 1286) and 26,130 
(Clement, ibid., 1904, 14, 342). The temperature coefficient of 
k, (and also that of k,) decreases with increasing partial pressure 
of hydrogen. Thus, with py, = 78 mm. and po, = 710 mm. the 
value of E is 23,700 cals., corresponding to a temperature coefficient 
of 2-48. Values of the latter intermediate between 2-9 and 2-48 
are obtained with lower partial pressures of hydrogen. The 
temperature coefficients of k,° and B (see p. 3162), as deduced from 
the data at 78° and 100°, are 2-9 and 2-4 respectively, and thus the 
temperature coefficient of k, for any reaction mixture containing 
hydrogen will lie between these limits, becoming 2-4 in presence of 
a large excess of hydrogen. The temperature coefficient of k, 
varies similarly. 

The temperature coefficient 2-9 for the deozonisation reaction in 
absence of hydrogen is much higher than what would be expected 
for a homogeneous bimolecular reaction taking place with measur- 
able ‘speed at 100°. Using the well-known kinetic expression for 
the velocity coefficient of such a reaction, 


4nkT No op EIR? 
M 1000 
[im which o = the diameter of the ozone molecule (taken as 


2°10 x 10-8 cm.), Ny = 6-06 x 10%, and # = 27,770], k, is found 
5P 


(12) 


ky = 20° 
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to be of the order 10-4 (in the units used) at 100°, whereas the 
experimental values of k, are about 100,000 times greater. To 
account for our observed velocity coefficients on the basis of the 
above equation, we should have to employ a value E = 19,000 cals. 
(approx.). This discrepancy appears to be much greater than any 
possible experimental error. It may be suggested that in these 
experiments it is not a homogeneous change but mainly a “ wall” 
reaction which is being measured; but, if this were so, the true 
value of E (for the homogeneous change) would be still greater than 
27,700 cals. and no detectable decomposition of ozone at 100° by a 
homogeneous change should be possible. Chapman and Clarke 
(J., 1908, 93, 1638), however, found an easily measurable rate of 
decomposition at this temperature, the rate being independent of 
the ratio area/volume of the reaction vessel, so that the measured 
reaction was predominantly homogeneous. Moreover, our velocity 
coefficients at 100° are nearly equal to those calculated from the 
data of Chapman and Clarke (Joc. cit.) and of Chapman and Jones 
(J., 1910, 97, 2463). The above suggestion is therefore not valid. 

Granted that the change is homogeneous, a solution of the 
difficulty might perhaps be obtained by the following considerations. 
The equation (12) for the velocity coefficient is based on the 
assumption that all the energy increment of 27,700 cals. necessary 
for reaction is associated, before collision, with a single degree of 
freedom of one of the reacting molecules; a velocity coefficient of 
essentially the same magnitude also follows from the assumption 
that the total energy of activation is derived from the translatory 
energy of the colliding molecules. A very much greater value of 
k, can, however, be obtained if it be assumed that the total energy 
of activation is shared, before collision, between a number of 
degrees of freedom (external and internal) of the reacting molecules. 
For example, limiting ourselves to the internal degrees of freedom, 
if these be m in number for each of the colliding ozone molecules, the 
expression (12) would be multiplied by (H/RT’)"*1/\n + 1 (compare 
Rideal and Lewis, J. Amer. Chem. Soc., 1926, 48, 2559). Since 
E/RT in the present case lies between 37 and 40, it would only be 
necessary to assume n = 3, thus making this multiplying factor of 
the order of 105, to account for the discrepancy; this could be 
interpreted in the sense that the energy of activation is resident in 
the six degrees of freedom either of rotation or of vibration of the 
two colliding ozone molecules. 

An alternative possibility is that the deozonisation process 
involves a “chain” mechanism in somewhat the same sense as 
postulated by Christiansen and Kramers (Z. physikal. Chem., 1923, 
104, 451) for the case of unimolecular reactions. The decomposition 
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of ozone is certainly sufficiently exothermic to permit of the 
resultants having an excess energy greater than that necessary for 
the activation of fresh reactants. But whilst the possibility of 
short reaction-chains cannot be ignored, the moderate quantum 
yields obtained in the corresponding photochemical process (where 
the resultant oxygen molecule would possess excess energy in even 
greater amounts) make it highly improbable that in the thermal 
process the reaction-chains could be of the enormous length required 
to account for the discrepancy. 

In a previous paper (Griffith and McKeown, loc. cit.), a formal 
mechanism for the thermal decomposition of ozone was suggested 
involving the reaction stages («) O, —> 0,*; (8) O,* + O, —> 
complex; (y) complex —> 30,, together with the assumption 
that (y) and the revers«] of (@) could take place either spontaneously 
or by collision of the complex with other molecules, the nature of 
which decided the relative probabilities of these changes. The 
addition to the system of hydrogen, which has an accelerating 
effect much greater than that of helium, argon, or nitrogen, intro- 
duces a complication, viz., the simultaneous occurrence of the 
reaction H, + O, —> H,O+ 0,. The fact that this process is 
coupled in some way with the deozonisation reaction would suggest, 
as a possible explanation of the catalytic effect of hydrogen, the 
formation of an intermediate compound (H,0,) which could 
decompose in two ways (e and £), either to form water or to yield 
oxygen. Thus, in the presence of hydrogen, in addition to reactions 
(x), (8), and (y), the following would also occur : 


(8) H, + 0,* —> complex ; 
(ec) Complex + O, —> 30, + H,; 
(t) Complex + H, —> H,0 + O, + H,. 


In order to obtain a qualitative agreement with our experimental 
data, it is further necessary that the complex (H,O,) should 
decompose to yield water only on collision with a hydrogen molecule. 
The complete scheme entails deozonisation by reactions (y) 
and (e). 

However, the effect of hydrogen upon the complex (O,) molecule 
resulting from stage (8) must also be considered. By analogy with 
the cases of argon, helium, and nitrogen it is probable that the stage 
(y) will be catalysed to some degree by collision of the complex with 
hydrogen molecules; but there is also the possibility that such 
collisions will occasionally lead to water formation: H, + (Og) 
—> H,O + 0,+ 0,3. The occurrence of this last process to any 
extent would enhance the coupling between the net deozonisation 


and the net water-formation, and make the ratio of the coefficients 
5P2 
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k,/k, much less dependent on the partial pressure of hydrogen than 
would otherwise be the case. 

On the basis of these considerations, the observed variation of 
the temperature coefficient of £, (and also of k,) with the hydrogen 
content implies a difference in the temperature coefficients of the 
primary reactions which yield the two complexes (O,) and (H,0O,). 
The temperature coefficient for the first is 2-9, that for the second 
is 2-4 (the value obtained with a large excess of hydrogen), and if 
deozonisation takes place through the medium of both the com- 
plexes, the observed temperature coefficient in any mixture will lie 
between these limits. ‘The same conclusion applies to the observed 
temperature coefficient of the water-forming reaction, provided that 
this also involves collision of the (O,) complex with hydrogen. 


Summary. 


Reaction-velocity measurements have been made in mixtures of 
ozone, oxygen, and hydrogen at 78° and 100°. Two reactions occur 
—the deozonisation process 20, —> 30,, and a water-forming 
reaction which is most probably H, + O, —> H,O + 0,. 

The values of k, and k,, the respective bimolecular velocity 
coefficients, both increase markedly with increasing partial pressure 
of hydrogen, but decrease with increasing partial pressure of oxygen. 
The ratio k,/k, varies relatively slightly with the composition of the 
gas mixture, lying between 22 and 17 at both temperatures. 

The temperature coefficient of k, in the absence of hydrogen is 
2-9; in the presence of excess of hydrogen it is reduced to 2-4. 

A discussion of these results and a possible explanation of the 
coupling of the two reactions are given. 


Muspratt LABORATORY OF PHYSICAL AND ELECTROCHEMISTRY, 
UNIVERSITY OF LIVERPOOL. [Received, October 28th, 1926.] 


CCCCXXVIII.—Acid and Salt Effects in Catalysed 
Reactions. Part III. Dependence of the Character- 
istics of the Minimum-Velocity Mixture on the 
Concentration of the Acid and the Application of 
Minimum Velocity to the Determination of Catalytic 
and Ionisation Constants. 


By Harry Meprortu Dawson and CHARLES RANDALL HOSKINS. 


In Part II of this series (Dawson and Dean, this vol., p. 2872) it 
was shown that the curve obtained by plotting reaction velocity 
against the pq value of catalysing mixtures of the type cHA + 
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xMA is symmetrical with respect to the point at which the reaction 
velocity has a minimum value. Denoting the catalytic coefficients 
for the hydrogen ion, the acid ion, and the undissociated acid 
molecule by k,, ka, and k,, respectively, and the ionisation constant 
by K, it was shown that the hydrogen-ion concentration of the 
minimum-velocity (M.V.) mixture is given by 
[H]}* = VkKel(k,—kn) - - - +» (I) 

and the corresponding reaction velocity by 

vy, = 27 (ky — km)hgKe + hee - . - + (2) 


For each series of acid-salt mixtures for which the concentration 
of the acid is constant, the observed changes in velocity are due 
entirely to the hydrogen and acid ions, and if the minimum value 
of this ionic reaction velocity is denoted by u; = v; — kc, it follows 
from (1) and (2) that 


u;/{H);* = (v; ae KC) (H);* = 2(k;, <a km) ° ° (3) 


The object of this paper is to show that the experimental data 
for the acetone-iodine reaction under the catalysing influence of 
mixtures of acetic acid and sodium acetate are in general agreement 
with the above equations. 


Dependence of [H];+ on the Concentration of the Acid. 


Consideration will be given in the first place to the variation 
of [H],* with the concentration of the acid. The data available for 
the testing of equation (1) are those obtained in experiments in which 
the concentration of the acetic acid was varied from 0-01N to 
10N. Below 0-0LN, the catalytic effect of the hydroxy]! ion cannot 
be ignored, and, as is shown later, disturbing factors come into play 
when the concentration reaches the upper limit of the series. For 
the acid-salt mixtures with 0-2 and 0-05N-acid, the measurements 
recorded by Dawson and Carter (this vol., p. 2282) and by Dawson 
and Dean (loc. cit.) have been utilised for the purpose of testing the 
equation. 

In the actual determination of [H];*, advantage has been taken 
of the fact that the vp, curves are symmetrical with respect to the 
M.V. point. It may be noted, however, that [H];+ may also be 
derived from the curves which are obtained by plotting the reaction 
velocity against the logarithm of the concentration of the salt. 
Such v-log x curves give that value of x, namely x;, for which the 
reaction velocity is a minimum, and since the value of [H];* may be 
neglected in comparison with 2;, it follows that the hydrogen-ion 
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concentration of the 1/.V. mixture may be derived from [H];*+ = 
Ke /z;. 

The variation of (p,); with the concentration of the acid is shown 
in the accompanying diagram. In order to reduce the distortion 
which shows itself when the velocity—pgcurves are directly compared, 
the curves which are actually shown in the diagram are those 
obtained by plotting the specific reaction velocity v/c against pg 
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Specific velocity curves for mixtures cCH,;-CO,H + 2CH,-CO,Na showing the 
dependence of the velocity and the hydrogen-ion concentration of the M.V. mixtures 
on the concentration (c) of the acid. 


for concentrations of acid from 0°05 to IN. The py values are 
those given by the mass-law expression pg = log 1/K + log (x + 
[H]*)/(c — [H]*). 3 

The (px); values derived from the curves are in col. 2 of Table I; 
col. 1 gives the concentration of the acid; and col. 3 the values of 
(pu) calculated from (py); = 3:36 — }loge which is the form 
assumed by the logarithmic equivalent of equation (1) when the 
values k, = 442 x 10-6, k, = 45 x 10°, k, = 1:5 x 10°, and 
K = 1°85 x 10° are introduced. 
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TABLE I. 
(pu); Values for the M.V. mixtures cCH,°CO,H + xCH,°CO,Na. 
Cc. (pu): (Obs.). (px); (cale.). Cc. (pu)s (obs.). (pa); (cale.). 
0-01 4-33 4:36 0-20 3°72 3°71 
0-05 4-03 4-01 0-50 3:50 3-51 
0-10 3°88 3°86 1-00 3°23 3°36 


For acetic acid concentrations between 0-01 and 0-5N, the agree- 
ment between the observed and the calculated (p,); values is within 
the limits of the experimental errors, and it follows that over this 
range the hydrogen-ion concentration of the /.V. mixture is pro- 
portional to the square root of the concentration of the acid. At 
the highest acid concentration, there is an obvious divergence 
between the observed and calculated (p,); values. The probable 
cause of this will be referred to later. 


Minimum Velocity and Acid Concentration. 


The investigation of the relation between the minimum velocity 
and the concentration of the acid presents greater difficulties than 
those which are encountered in the study of the connexion between 
[H];* andc. Thespeed of the reaction in the region of the minimum 
velocity is very small for the smaller concentrations of acetic acid, 
and it is necessary to pay special attention to the danger of loss of 
iodine by slow interaction of the latter with the catalysing mixture 
or by leakage. It is probable that the velocities recorded by Dawson 
and Carter for the 0-1N-acid series in the region of the M.V. mixture 
are abnormally large because the acetic acid used was not quite 
free from impurities which reacted slowly with the iodine. 

For the above reason, new measurements have been made of the 
minimum velocity, carefully purified acetic acid and sodium acetate 
being used in the preparation of the mixtures. The mixtures 
actually employed were those which correspond with the (pq); values 
recorded in col. 2 of Table I. 

The results are summarised in Table II, the numbers in col. 2 
representing the measured reaction velocities, whilst those in col. 3 
are the velocities calculated from equation (2), which takes the 
form 
v; X 10° = 0-383Vc + 1-5c 


when the numerical values of k;, kz, km, and K are inserted. Col. 4 
gives the values of u; = v; — k,c, col. 5 those of [H],+ which corre- 
spond with the minima on the v—pg curves, and col. 6 records the 
values of u;/[H];+ which, according to equation (3), should be equal 
to 0-88 x 10-%. In reference to this ratio, it seems desirable to 
point out that wu; is not a directly measurable velocity and that 


3170 DAWSON AND HOSKINS: ACID AND SALT EFFECTS 


the accuracy with which its value can be obtained depends, not 
only on the accuracy of the measurement of the minimum velocity »,, 
but also on the value assigned to the coefficient k,,. The latter may 
be derived in various ways, but the methods will not be discussed 
here. It will suffice to point out that, for the more dilute solutions, 
the main source of error in u; lies in the determination of v;, whilst 
for the more concentrated solutions the error is in all probability 
chiefly associated with the value assigned to k,. In making the 
comparison between experiment and equation (3), we have actually 
used the approximate value of k, = 1:5 x 10-6 obtained by the 
extrapolation method described by Dawson and Carter (loc. cit.). 


TABLE II. 
Values of v; and u;/[H];* for cCH,*CO,H + 2CH,°CO,Na. 
w,. 10° v; . 108 u;/[H}+ 
C. (obs.). (cale.). u,.-10% [H},+. 104. x 108. 
0-01 0-056 0-053 0-041 0-0468 0-88 
0-05 0-164 0-161 0-089 0-933 0-95 
0-10 0-273 0-271 0-123 1-32 0-93 
0-20 0-464 0-471 0-164 1-90 0-86 
0-50 1-020 1-020 0-270 3:06 0-88 
1-00 1-94 1-88 0-44 5-89 0-75 


Inspection of Table II shows that for the most part the observed 
minimum velocities and the values of u,/[H],;*+ are in satisfactory 
agreement with the requirements of equations (2) and (3). The 
data for 1-00N-acetic acid afford the only instance for which the 
divergence may be definitely regarded as greater than that attribut- 
able to errors of experiment. 

The divergence led us to investigate in a detailed manner the 
catalytic effect produced by acid—salt mixtures containing 1) -acid, 
and the results of these experiments show clearly that at higher 
salt concentrations there are very considerable differences between 
the measured velocities and those calculated from the formula 
v=k,[H)]* + 4,[A]- + &,{HA]. For additions of salt which are not 
greater than that required to produce the M.V. mixture, the differ- 
ences in question are, however, comparatively small. The observed 
velocities and those calculated from the above formula are compared 
in Table III for salt concentrations varying from 0 to 1 g.-mol. per 
litre. 

With regard to the cause of the divergence between the observed 
and calculated results for 1N-acid solutions, it seems possible that 
the differences may be connected with the decrease in the ionisation 
constant of the acid in more concentrated solutions. It is not 
suggested that the diminution in the ionisation constant is primarily 
responsible for the observed effects. On the other hand, we are 
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TaB_e III. 
Reaction velocities for 1N-CH,*CO,H + «N-CH,°CO,Na. 
PD cessssanesdesse 0-0095 0-019 0-0285 0-038 0-0476 0-0762 


0 
v.10° (obs.) 3-40 2-31 1-98 1-94 1-95 1-97 2-15 
v.10® (calce.) 3-40 2-33 2-00 1-91 1-88 1-88 1-95 


DP ccssteccosersed 0-0952 0-143 0-190 0-286 0-381 0-500 0-660 1 
v.10% (obs.) 2-25 2-54 2-87 3°52 4-20 4-90* 5-90*  8-05* 
v.10% (cale.) 1-97 2-15 2-36 2:79 3°21 3°77 4-47 6-01 


In the experiments indicated by * iodoform was precipitated. 


inclined to attribute the divergences to the formation of catalytic- 
ally active complex acetate ions, the formation of which, in the 
more concentrated solutions, is rendered very probable by the fact 
that acid acetates crystallise out from such solutions (Dukelski, 
Z. anorg. Chem., 1909, 62, 114). 

The results recorded in Tables I and II justify the conclusion that 
the catalytic behaviour of acetic acid—acetate mixtures over a 
wide range of concentration can be quantitatively interpreted in 
terms of the hypothesis that catalytic effects are produced by and 
are proportional to the concentrations of the hydrogen ion, the acid 
anion, and the undissociated acid molecule. 

It will now be shown that a knowledge of the minimum reaction 
velocity and of its variation with the concentration of the acid 
may be made the basis of methods for determining the values of 
important constants. 


Determination of the Catalytic Activity of the Undissociated Acid from 
Measurements of Minimum Reaction Velocity. 

If the minimum reaction velocities corresponding with the acid 
concentrations c and c’ are denoted by v; and »;’, then, according to 
equation (2) 

v; — kme = 2V (kn — km) haKe 


and ve — knee’ = 2V (kn — km) gKe’ 
whence (vu; — kne)/(v; — kne’) = V cle’ 
or km = (u,/Ve — vf Ve’) (We — Ve’). ee (4) 


The important feature of this equation is that it affords a method 
for determining the value of the catalytic coefficient k,, for the 
undissociated acid molecule, which is entirely independent of a 
knowledge of the constants k,, kz, and K. It involves nothing more 
than a determination of the velocities of reaction for two M.V. 
mixtures the acid concentrations of which are fairly widely separated. 

The results obtained for acetic acid by combining the experi- 


mental observations for concentrations 0-01 to 0-50N in suitable 
5 p* 
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pairs are in Table IV. The mean value of k,, thus obtained is 1-43 x 
10-6 and this would suggest that the figure adopted by Dawson and 


TABLE IV. 


Values of k,, from minimum velocities. 

Concen- 

tration me i OO ee eee ew“ 

pairs. 0-10-01 02&0-:05 05&0-1 0:2&0-01 05&0-05 0:5&0-01 
ku - 10°. 1-41 1-37 1-49 1-38 1-48 1-46 
Carter is rather high. For the present it is proposed, however, to 
retain the approximate value k,, = 1-5 x 10-6 as a measure of the 
catalytic activity of the undissociated acid. 


A Kinetic Method for the Determination of Ionisation Constants. 


The minimum velocities v; and v,;' corresponding with acid con- 
centrations c and c’ may also be utilised for deriving the value 
of the dissociation constant of the acid, if this is not too strong. 
From equation (2) we have 


(vj — 2V (kn — Km)kaKe)/(v;’ — 2V (kn — kem)kegKe’) = c/c’. 
Rearranging the terms and squaring, we get 
(jc — vc’)? = 4(ky — km)kaK(ev/e’ — e' Vc)? 


and, since for weak acids, k,, is very small compared with k,, we 
obtain 


K = (vj Je’ — u/c)? /4kakg(l/Ve’ — 1fvc)? . (5) 


an equation which gives K in terms of k,, kg, and the minimum 
reaction velocities for two different concentrations of the acid. 

The results obtained from the experimental data for acetic acid 
by combining the same pairs of experiments as were used in the 
evaluation of k,, are in Table V. The mean value of K is 2-16 x 
10-5. This is considerably greater than the value indicated by the 


TABLE V. 


Values of K from minimum velocities. 
Concen- 
tration ee te ete eo, ee, 
pairs. 0-01&0-:1 0:05 &02°01&05 0:01&0-2 0:05&0°5 0:01 £05 
K x 10°. 2-22 2-30 1-96 2-25 2-06 2-16 


conductivity data for acetic acid. In reference to the discrepancy, 
it may be pointed out that the kinetic method for determining K 
involves a knowledge of both k, and k,, but not of km, which is the 
most difficult of the three coefficients to determine accurately in 
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the case of acetic acid. To bring the kinetically determined value 
of K into agreement with the conductivity value, it would be 
necessary to increase k, or kz by 15%, or to alter both these con- 
stants so that their product is increased in this proportion. The 
accuracy with which £, and k, can be determined seems to preclude 
the possibility of any alteration of this magnitude, and there appears 
to be no obvious explanation of the difference. Until kinetic data 
for other acids have been obtained, it would appear to be premature 
to subject the divergence to further discussion. 


EXPERIMENTAL. 


The measurements of the reaction velocity were made at 25° 
by the method previously described. The acetone was purified 
by treatment with sodium iodide, the acetic acid by the action of 
chromic acid, and the sodium acetate by repeated crystallisation. 


Summary. 


The minimum velocities of the acetone-iodine reaction under 
the catalytic influence of mixtures of acetic acid and sodium acetate 
have been determined for acid concentrations ranging from 0-01 
to 1N. 

The hydrogen-ion concentration of the minimum-velocity mixture 
and the magnitude of the minimum reaction velocity vary with the 
concentration of the acid in accordance with the theoretical 
predictions. 

The ratio of the minimum ionic reaction velocity to the correspond- 
ing hydrogen-ion concentration is independent of the concentration 
of the acid. 

It has been shown that minimum velocities may be used for the 
determination of the catalytic coefficient characteristic of the 
undissociated acid. 

A kinetic method for the determination of dissociation constants 
of weak acids has been described and applied to the experimental 
data for acetic acid. 


One of us (C. R. H.) desires to thank the Department of Scientific 
and Industrial Research for a maintenance grant which has enabled 
him to take part in this work. 
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CCCCXXIX.—The Action of Antimony Trichloride 


upon Diazotised Diamines. 
By Witi1amM HERBERT GRay. 


CERTAIN diazonium chlorides were found by May (J., 1912, 101, 
1037) to form insoluble crystalline additive compounds withantimony 
trichloride. Compounds containing amino- or substituted amino- 
groups were not investigated. Some of these have now been pre- 
pared and found to show two features of interest. They have 
special properties due to intramolecular condensation between the 
amino- and the diazo-group; secondly, the whole of the antimony 
can be removed from them, leaving the organic portion undecom- 
posed. Their small solubility, together with this latter fact, has 
provided a means of isolating substances such as p-acetylamino- 
benzenediazonium chloride and the hydrochloride of the hypothetical 
p-diazoiminobenzene, hitherto undescribed. 

The only salt of p-aminodiazobenzene that has been analysed 
seems to be a chromate, first obtained indirectly by Meldola and 
Williams (P., 1899, 15, 196) from p-nitrobenzeneazophenol. To 
this was assigned the formula NH,°C,H,°N,"HCrO, (Meldola and 
Eynon, J., 1905, 87, 3), although it separated from solution in excess 
of acetic or sulphuric acid, the presence of a free amino-group under 
such unlikely conditions being passed over without comment. 
The same peculiarity is now met with in an antimony trichloride 
compound and the diazo-compound obtained from it as above. 
Diazotised acetyl-p-phenylenediamine yields with antimony tri- 
chloride an almost colourless, crystalline precipitate (see p. 3177) 
consisting mainly of di-(p-acetylaminobenzenediazonium chloride) 
antimony trichloride, (CH,*CO-NH-C,H,°N,Cl).,SbCl, (I). This is 
immediately transformed by boiling dilute hydrochloric acid into a 
bright yellow substance, with an empirical formula corresponding 
to NH,°C,H,°N,C1,SbCl, (II), which crystallises from the excess of 
acid. Water decomposes this into insoluble basic antimony chlorides 
and a strongly acid solution, from which is obtained by evaporation 
a yellow substance with an empirical formula corresponding to 
NH,°C,H,°N,Cl (III), instead of the expected hydrochloride, 
HC1,NH,°C,H,°N,Cl. 

Formula (III) is inadequate : since acidic substituents are absent, 
it does not explain this lack of salt formation; further, it does not 
account for the yellow colour. The latter suggests a quinonoid 
arrangement (IV) such as is given to acyl-p-diazoimides (V) by 
Morgan and his collaborators (compare Morgan and Cleage, J., 1918, 
113, 588; Morgan and Upton, J., 1917, 111, 195), but it remains 
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to reconcile this with the pronounced stability of the substance. 
In the first place the formation in presence of hydrochloric acid is 


(N=N) N=N N= 
P| | » 
| ¢ } Be ( } ( }) Hisvet, 
as vy wt: 
NH _ N-CO-CH, | Na J 
(IV.) (V.) (VI.) 


in marked contrast to the immediate reversion to diazonium salt 
which is effected by this reagent in the cases studied by Morgan. 
There is, in fact, a certain amount of evidence that in hydrochloric 
acid solution very little, if any, diazonium salt is present, for solu- 
tions in acetic or hydrochloric acid at 100° slowly evolve nitrogen 
at approximately the same rate, whereas from the following con- 
siderations formation of a diazonium salt in the latter should be 
indicated by a more rapid evolution of nitrogen. Replacement of 
hydrochloric acid by acetic acid in the case of benzenediazonium 
chloride is without influence on the decomposition (Cain, Ber., 1905, 
38, 2511), but a diazotised acetic acid solution of acetyl-p-phenylene- 
diamine decomposes on heating much more rapidly than a diazotised 
hydrochloric acid solution (Cain and Nicoll, J., 1902, 81, 1436). 
No explanation of this was suggested by Cain; in the light of the 
present work, it is reasonable to infer that his acetic acid solution 
contained diazonium salt, and the other, diazoimine salt. 

It must be concluded, then, that in the absence of the acyl groups 
or acidic nuclear substituents which occur in Morgan’s compounds, 
the combined basic influence of the quinonoid imino-group and the 


group >c<f suffices to permit the formation of a stable diazoimine 


salt with one molecule of acid. An example of this phenomenon 
from a different class of compounds has been described by Morgan 
and Reilly (J., 1914, 105, 436): 4-Amino-3 : 5-dimethylpyrazole, 
a diacidic base yielding a dihydrochloride, furnishes after diazotis- 
ation only a monohydrochloride. The authors attribute this to the 
strengthening of one salt-forming centre at the expense of the other 
—an explanation which appears to cover the case of p-diazoimino- 
benzene also. Willstitter and Mayer (Ber., 1904, 37, 1494) have 
shown that the quinonoid imino-group itself is weakly basic; 
p-diazoiminobenzene hydrochloride (IV), on the other hand, is neutral 
to litmus. Introduction of an acetyl group into this leads to the 
formation, not of a yellow acetyl compound, that is, the hydro- 
chloride of Morgan’s base (V), but of a colourless substance identical 
with the one obtained by the removal of antimony from (I), namely, 
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p-acetylaminobenzenediazonium chloride, CH,°CO-NH-C,H,'N,Cl 
(VII). 

The stability of (IV) and of p-diazoiminobenzene hydrochloride— 
antimony trichloride (V1) to another change, the loss of diazo-nitrogen, 
also supports the quinonoid formula. Both remain unchanged for 
an indefinite period in the solid state (in the dark) and the latter 
can be repeatedly crystallised from boiling hydrochloric acid. 
Di-(m-acetylaminobenzenediazonium chloride)-antimony _ trichloride, 
(CH,*CO-NH-C,H,°N,Cl),,SbCl, (VIII), from diazotised acetyl-m- 
phenylenediamine, on the other hand, in which no quinonoid con- 
figuration is to be looked for, decomposes spontaneously in a few 
days to a tar, and immediately on warming with acid; that this 
is the normal behaviour is seen from benzenediazonium chloride— 
antimony trichloride, prepared for comparison, which was found to 
be equally unstable. 

Schmidt and Hofmann (Ber., 1926, 59, 555) attribute the yellow 
colour of the diazotised aminophenylstibine dichlorides obtained 


em eee meen! 


clear that such a formulation is inapplicable to the compounds now 
under discussion, since the yellow colour persists after removal of 
the antimony. 

Attempts to obtain the free base, p-diazoiminobenzene, from (IV) 
were unsuccessful. Addition of a trace of alkali caused immediate 
evolution of nitrogen and formation of dark-coloured products; 
treatment in suspension in non-aqueous media with silver oxide led 
to similar results, and addition of an aqueous suspension of ferric 
hydroxide was without effect. The corresponding antimony com- 
pound (VI) behaved similarly when treated with alkali, and no 
substance with the properties of a stibinic acid was obtained from 
the tarry reaction mixture. The acetylated antimony compound (I), 
on the other hand, yielded sodium p-acetylaminophenylstibinate, thus 
falling into line with May’s compounds (compare D.R.-P. 261825). 
The considerable stability of the hydrochloride (IV) thus accom- 
panies great instability of the base. Morgan and Micklethwait (J., 
1908, 93, 606) have shown that the stability of diazoimines of the 
type C,H;_,(NO.)n"N°C,H,N, diminishes with ». The least stable 
member of their series (n = 0) was the compound prepared by Ikuta 
(Annalen, 1888, 243, 282) by the action of sodium hydroxide upon 
diazotised p-aminodiphenylamine, and considered by Hantzsch 
(Ber., 1902, 35, 895) to be phenyl-p-phenylenediazoimine, 


CH NX _><h. Ikuta’s compound, however, only gradually 


decomposed in solution; p-diazoiminobenzene, in which acidic 
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substituents have been entirely removed, is therefore still less 
stable. 

The acetylation of (IV) with acetic anhydride, already mentioned, 
takes place only in bright sunlight. If concentrated sulphuric acid 
is added, this is not necessary, but the acetylated product is a 
sulphur-containing diazonium compound, C,,H,,0;N,S. This is 
neutral, but is not a sulphate. Sulphuric acid is, however, slowly 
set free on boiling with dilute hydrochloric acid. The sulphur is 
immediately removed by various reagents (p. 3180) with formation 
of derivatives of p-acetylaminodiazobenzene. 


EXPERIMENTAL. 


The Action of Antimony Trichloride on Diazotised Acetyl-p-phenyl- 
enediamine.—Acetyl-p-phenylenediamine (22-5 g.) was dissolved in 
a previously warmed mixture of 40° hydrochloric acid (36 c.c.) 
and water (465 c.c.), and the solution, after decoloration, was rapidly 
cooled to 12—14° and diazotised during 1 hour with sodium nitrite 
(10-5 g.) in water (150 c.c.). When diazotisation was carried out 
below 5°, a considerably poorer yield of antimony compound was 
obtained. Ice-cold 40°%, hydrochloric acid in excess (166 c.c.) was 
then added, followed by a filtered solution of antimony trioxide 
(19-7 g.) in 40% hydrochloric acid (49 c.c.), with vigorous stirring. 
A pale brown, crystalline precipitate separated, and was dried on a 
porous tile in the air until free from hydrochloric acid (yield, 38 g.). 
By adding the antimony trichloride in several portions, fractions 
differing in colour could be obtained ; the last was very light-coloured, 
but although homogeneous in appearance, its antimony content and 
melting point, together with the action of methyl alcohol upon it 
(see below), showed that it was a mixture of the two compounds (1) 
and (VI), the former greatly predominating. No separation could 
be effected by straightforward fractional crystallisation; they were 
separated as described below. A certain amount of hydrolysis and 
diazoimine formation evidently occurs during the diazotisation. 
Sodium hydroxide in slight excess caused a characteristic decom- 
position with frothing and formation of sodium p-acetylamino- 
phenylstibinate. 

Di-(p-acetylaminobenzenediazonium Chloride)—Antimony Trichloride 
(I).—The pale-coloured fraction (see above) was extracted several 
times with cold methyl alcohol, which removed bright yellow 
material, raised the melting point, and lowered the antimony coritent 
from 22% to 20%. By a single recrystallisation of the undissolved 
portion from boiling methyl alcohol, the substance was obtained 
quite pure in colourless, square plates, m. p. 147° (corr.) (Found: 
Sb, 19-5; Cl, 28-8. C,,H,,0,N,Cl,Sb requires Sb, 19-5; Cl, 28-4%). 
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p-Acetylaminobenzenediazonium Chloride (VII).—This was pre- 
pared from the foregoing compound by the action of water, or more 
advantageously from the crude antimony chloride precipitate. In 
the latter case, the yellow (hydrolysed) impurity could be retained 
in solution if sufficient alcohol were used in the precipitation. After 
grinding the crude substance (10 g.) with water (50 c.c.) and filter- 
ing, the pale yellow filtrate was treated with alcohol (200 c.c.), 
kept for a short time to precipitate a small amount of finely-divided 
solid, and filtered through charcoal. It was then treated with a 
further 200 c.c. of alcohol and 1370 c.c. of ether; thereafter the 
compound separated in white, lustrous leaflets, m. p. 131° (corr.), 
readily soluble in water to a colourless neutral solution, becoming 
yellow on boiling, with liberation of acetic acid. It is soluble in 
alcohol, and insoluble in chloroform or cold acetone, the latter giving 
a deeply coloured solution when warmed. On drying over sulphuric 
acid at the ordinary temperature the substance retained 3 mol. of 
water of crystallisation, most of which was lost at 40° in a vacuum 
over phosphorus pentoxide (Found: N, 20-6; Cl, 17-6; atomic 
ratio N: Cl = 2-96:1. C,H,ON,Cl requires N, 21-3; Cl, 17-95%). 

p-Diazoiminobenzene Hydrochloride-—Antimony Trichloride—The 
above crude antimony trichloride precipitate (20 g.) was finely 
ground and suspended in 10%, hydrochloric acid (200 c.c.), heated 
rapidly to boiling, and boiled for 5 minutes; long, yellow needles 
then separated from the boiling solution. Yield, 12-4 g.; m. p. 
179° (corr.) with sudden decomposition. Use of stronger hydro- 
chloric acid gave a poorer yield. Occasionally the same substance 
separated in thin, bright yellow plates. It is sparingly soluble in 
ethyl alcohol or acetic acid, more readily soluble in methyl alcohol 
or formic acid, from which it crystallises unchanged, readily soluble 
in aqueous tartaric acid solution, and dissolves with frothing and 
darkening in sodium hydroxide solution (Found: C, 19-05; H, 1-9; 
N, 10-9; Cl, 37-1; Sb, 31-8. C,H,N,Cl,Sb requires C, 18-8; H, 1-6; 
N, 10-95; Cl, 36-95; Sb, 31-7°%). 

p-Diazoiminobenzene Hydrochloride (IV).—The foregoing antimony 
compound (16-4 g.) was ground with successive small portions of 
water (170 c.c. in all) until the water was no longer coloured, and the 
water-bright extract evaporated at low pressure, the bath being at 
60—70°. An orange-coloured paste of small, rectangular plates 
remained, which was dissolved in warm alcohol (50 c.c.)._ On cool- 
ing, large, yellow, rectangular plates (4-7 g.) separated, m. p. 119° 
(corr.), still retaining 1 mol. of water even on further recrystallisation 
from alcohol or precipitation by ether. This water is lost on drying 
at 60° in a vacuum over phosphorus pentoxide, after which the 
substance explodes sharply at 155° (corr.). It is extremely soluble 
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in water to a bright yellow, neutral solution, fairly readily soluble 
in acetic acid, rather sparingly soluble in alcohol, and insoluble in 
acetone. Strong daylight decomposes the solid, which becomes 
black and insoluble in water, but it is stable in the dark. A solution 
in 10% hydrochloric acid gives an immediate precipitate of large, 
yellow needles (VI) with antimony trichloride. The aqueous 
solution remains unchanged at the ordinary temperature for a long 
period (Found: N, 24-3; Cl, 20-5; atomic ratio N:Cl = 30:1; 
atomic ratio after drying, N:Cl = 3-0:1. C,H,N,Cl,H,O requires 
N, 24:2; Cl, 20-4%). It couples slowly and to a slight extent with 
R-salt (compare the hydrolysed solution of diazotised acetyl-p- 
phenylenediamine, D.R.-P. 205037, which doubtless contains this 
substance), but immediately to a chocolate-coloured solid with 
alkaline 8-naphthol. The action of alkali alone led to immediate 
effervescence and the formation of a black solid, which was not 
further investigated. 

Picrate. By mixing aqueous solutions of the foregoing salt and 
picric acid, glistening plates were obtained, exploding at 160° (corr.), 
burning rapidly but quietly on a heated spatula, and remaining 
unaltered by crystallisation from alcohol. It is sparingly soluble 
in boiling alcohol or acetone (Found: N, 23-9. C,,H,O,N, requires 
N, 24:1%). The same picrate was obtained from a solution of the 
antimony compound (VI) in tartaric acid. 

Chromate. On the addition of chromic acid to an aqueous solution 
of the hydrochloride, rectangular plates separated, exploding 
violently at 160° (corr.), insoluble in alcohol, soluble with darkening 
in glacial acetic acid. It could be recrystallised from water (Found : 
Cr, 22-3. C,H,0O,N,Cr requires Cr, 219%). The chromate 
described by Meldola and Eynon (p. 3174) exploded feebly at 144— 
148° and contained Cr, 21%. The above is doubtless the same 
substance in a purer state. 

Acetylation of p-diazoiminobenzene hydrochloride. (a) With acetic 
anhydride. No action took place in the cold, in the dark or 
in diffused light, when p-diazoiminobenzene hydrochloride was 
suspended in acetic anhydride for several weeks, either alone or 
in presence of pyridine; warming caused decomposition and darken- 
ing. When an acetic acid solution was kept with excess of acetic 
anhydride in the cold, the molecule of water of crystallisation (p. 3178) 
was removed, but no acetylation took place. If, however, the 
suspension in acetic anhydride (28 c.c.) was kept in bright sunlight, 
the solid (5-6 g.) gradually dissolved, a pale brown, clear solution 
being obtained in about 8 hours. After treatment with charcoal, 
this was cooled in ice, treated with ice-cold alcohol (28 c.c.), and 
immediately with 450 c.c. of ether. A small amount of dark oil 
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was first precipitated, and removed as quickly as possible by 
repeatedly decanting the solution into fresh flasks. When no more 
oil separated, the solution was set aside to cool. Colourless needles 
separated, not depressing the melting point of (VII) (Found: Cl, 
17-9. C,H,ON,Cl requires Cl, 17-95%). 

(b) With acetic anhydride and sulphuric acid. p-Diazoimino- 
benzene hydrochloride (1 g.) was suspended in acetic anhydride 
(16 c.c.), and concentrated sulphuric acid (0-33 c.c. = 1-1 mols.) 
added drop by drop. The temperature was allowed to rise slightly. 
After 15 minutes, the clear, pale red solution was poured into dry 
ether (65 c.c.) and the crystalline precipitate was thoroughly washed 
with ether (yield, 1-4 g.) and recrystallised from alcohol-acetic 
anhydride, from which it separated in lustrous, colourless needles 
(see p. 3177), m. p. 140° (corr. ;] decomp.) (Found : C, 41-7; H, 4:8; 
N, 14:7; §, 11-2. C,)H,,0,;N,5 requires C, 41-8; H, 4-6; N, 14-6; 
S, 11-:1%). A solution in cold 10% hydrochloric acid gave a white, 
sulphur-free, crystalline precipitate with antimony trichloride, 
immediately changed on warming to p-diazoiminobenzene hydro- 
chloride—antimony trichloride. It also gave a bright red, sulphur- 
free azo-compound with @-naphthol. The same sulphur compound 
was obtained more conveniently from the crude antimony chloride 
compound of diazotised acetyl-p-phenylenediamine in a similar way ; 
2 mols. of sulphuric acid were here necessary for complete solution, 
and the ether precipitate was free from antimony. 

The following two substances were obtained from it. 

p-Acetylaminobenzenediazonium Chromate-—The sulphur com- 
pound (1-4 g.) was dissolved in water (28 c.c.) and treated with 80°, 
chromic acid solution (0-6 c.c.). Dark yellow prisms (0-9 g.) separ- 
ated which melted at 136° (corr.) with mild explosion. The 
substance was free from sulphur (Found: Cr, 18-4. C,H,O;N,Cr 
requires Cr, 18-6°%). 

p-Acetylaminobenzenediazonium Picrate.—Solutions of the sulphur 
compound and picric acid in alcohol were mixed and treated with 
a little ether. Rosettes of needles quickly separated, m. p., with 
slight explosion, 146-5° (corr.). The substance was free from sulphur 
(Found: N, 21-3. C,,H,,O,N, requires N, 21-6%). 

Di-(m-acetylaminobenzenediazonium Chloride)—-Antimony Trichlo- 
ride.—Acetyl-m-phenylenediamine hydrochloride, prepared by the 
method of Wallach and Schulze (Ber., 1882, 15, 3020), was readily 
obtained pure by two recrystallisations from water ; m. p. 259° (corr.). 
3-7 G. of this were dissolved in a mixture of water (47 c.c.) and 40% 
hydrochloric acid (3 c.c.) and diazotised at 0° during 1 hour with 
sodium nitrite (1-4 g.). An ice-cold mixture of water (50 c.c.) and 
40%, hydrochloric acid (28 c.c.) was then added, followed by a 
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filtered solution of antimony trioxide (3 g.) in 40° hydrochloric 
acid (7:4 c.c.). The antimony compound separated in yellow plate- 
lets, m. p. 94° (corr.) with slight explosion. When treated with 
water, this gave an amorphous, white precipitate, the suspension 
giving an immediate deep red colour with R-salt and darkening 
with frothing on the addition of alkali. Unlike the p-acetyl com- 
pound, it cannot be crystallised from dilute hydrochloric acid, being 
at once decomposed on heating, nor dried at 60°, which changes it 
toatar. On heating the aqueous suspension, aniline was detected 
in the steam. For analysis, it was dried on a tile in a desiccator 
for 2 hours (Found : Sb, 19-5. C,,H,,0.N,Cl,Sb requires Sb, 19-5%). 
After several days in the dark at room temperature, it decomposes 
to a dark, frothing tar. 

m-Acetylaminobenzenediazonium Chromate.—The foregoing com- 
pound (1-25 g.) was ground with several small portions of ice-cold 
water, and the clarified extract precipitated with cold aqueous 
chromic acid. Clusters of yellow plates (0:5 g.) separated. After 
drying in the desiccator, these exploded violently when pressed by a 
spatula, or even on the addition of cold ammonia solution. In a 
comparative test, a small quantity of this compound detonated when 
heated on a spatula and the corresponding »-compound (see above) 
burned rapidly but quietly (Found : Cr, 19-5. C,H,O;N,Cr requires 
Cr, 18-6%). 

Analytical_—The estimation of antimony in organic compounds 
by oxidation with permanganate followed by iodometric titration 
(Fargher and Gray, J. Pharm. Expt. Ther., 1921, 18, 356; compare 
Gray, J., 1923, 123, 641) has now been improved and shortened by 
the use of oxalic acid to remove the manganese oxides and urea to 
remove nitrous acid. 0-2 G. of the substance, mixed with powdered 
potassium permanganate (3 g.), is treated with 50% sulphuric 
acid (15 c.c.) and then gradually with concentrated sulphuric acid 
(15 c.c.). The mixture is diluted with water (15 c.c.), boiled gently 
for 5 minutes, and decolorised with saturated oxalic acid solution. 
It is then diluted to 120 c.c., urea (1 g.) and potassium iodide (2-5 g.) 
are added, and the liberated iodine is determined by thiosulphate 
after 15 minutes’ standing. Towards the end, the liquid should 
again be diluted considerably with water; the yellow colour, not 
due to iodine, which otherwise persists past the end-point, is thus 
destroyed. 

Chlorine. After a number of methods had been tried for the deter- 
mination of chlorine in presence of antimony in these compounds, the 
following was found to be the only practicable one. The substance 
(0-2 g.) is mixed with a little water and potassium permanganate (1 g.) 
in a small flask containing a tube of concentrated sulphuric acid. The 
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flask is then connected to absorption bulbs containing potassium 
iodide solution, the tube of sulphuric acid emptied by tilting, and the 
flask heated until all the chlorine has been evolved. A small cor- 
rection, found from a control experiment on a substance of known 
chlorine content, is applied. 


The author wishes to thank Dr. T. A. Henry for the kind interest 
he has taken in the work, and also Mr. A. Lovecy for help in the 
preparation and analysis of the products described. 
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CCCCXXX.—Low Temperature Oxidation at Charcoal 
Surfaces. Part III. The Behaviour of Blood 
Charcoal and the Influence of Temperature on the 
Reaction Rate. 


By Eric Keiauttey RipEat and WINIFRED Mary WRIGHT. 


IN previous communications (J., 1925, 127, 1347; this vol., p. 1813) 
it was shown that charcoals containing both iron and nitrogen were 
catalytically active for the oxidation of oxalic acid, and that the 
surface of the charcoal was by no means uniform but could, by the 
method of selective poisoning, be divided into areas of different 
specific catalytic activities. Reasons were given for the assumption 
that two of the areas of high catalytic activity were promoted 
areas, i.e., characterised by their chemical composition; thus, the 
specific activity in the oxidation of oxalic acid of a surface of an 
iron—carbon-nitrogen complex was about 800 and that of an iron- 
carbon complex about 50 times that of the catalytically active 
portion of the charcoal. 

Since blood charcoal has been empioyed for a number of diverse 
purposes, it seemed desirable to examine this material by the 
method of selective poisoning and thus to ascertain the nature and 
extents of the patches of various specific activities. 


EXPERIMENTAL. 


Merck’s blood charcoal was employed after purification by treat- 
ment with hydrochloric acid and heating for 2 hours in a silica 
crucible at low red heat. (Analysis showed Fe, 0-037; N, 7-0; and 
0-80% of salts of calcium and sodium.) Its specific surface was 
found, by the saturation method with methylene-blue, to be 210 
Sq. m. per g.—some eight times that of the pure sugar charcoal 
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previously investigated. The rates of autoxidation and of oxidation 
of oxalic acid of various concentrations in the presence of poisons 
such as amyl alcohol and acidic potassium cyanide were studied 
with the aid of a Barcroft differential shaking manometer as described 
in Parts I and II. In every case, 100 mg. of charcoal were allowed 
to come to equilibrium with the oxalic acid solutions of various 
concentrations by agitation and separation in a centrifuge. To 
these solutions known amounts of amyl alcohol were added, the 
solutions agitated in the differential manometer, and the rate of 


Fig. 1. 
Blood charcoal. 
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oxygen uptake measured. The bulk concentration of the alcohol 
was measured by the drop-weight method, and hence the amount 
adsorbed was calculated. 

The autoxidisable area of blood charcoal was almost inappreci- 
able and, although varying from sample to sample, did not exceed 
in any one case 0-03% of the total surface, the average rate of 
oxygen uptake at 40° being 0-0Q8 mm. per mg. per hour. The 
maximum rate of oxidation of oxalic acid occurred in 0-025M- 
solution, as is evident from Curve I (Fig. 1). 

On poisoning with amy] alcohol, a linear curve (see Fig. 2) was 
obtained up to 80% inhibition, beyond which no further poisoning 
occurred owing to limitations imposed by the sparing solubility of 
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the alcohol. By extrapolation in the manner already described 
(Part I), the fraction of the total surface catalytically active was 
found to be 55%, a value to be compared with the following : sugar 
charcoal 40-5%, nitrogen-sugar charcoal 52%, iron—sugar charcoal 
44%, iron—-carbon-nitrogen charcoal 30%.* Blood charcoal thus 
possesses a relatively large specific surface, and a large fraction of 
the total surface is capable of catalytically accelerating the oxidation 


of oxalic acid. 


The poisoning with cyanide was determined as follows: In each 
experiment a suspension of 100 mg. of charcoal in 0-02.M/-oxalic acid 
was employed and various concentrations of potassium cyanide with 
an equivalent of hydrochloric acid were added. The adsorption of the 
cyanide was determined from the bulk concentration at equilibrium 


Fia. 2. 


Fia. 3. 


Blood charcoal and oxalic acid. 
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as estimated by silver titration employing the electrometric method. 
The rate of oxygen uptake and its diminution with the increase in 
surface covered by the cyanide were determined with the aid of the 


differential manometer. 


Only one well-defined break in the surface covered—velocity 


curve was obtained (Fig. 2). 
at a point where only 1-2% of 


The marked break in the curve occurs 
the total surface is covered, and thus 


1-2% of the total surface is responsible for 54% of the total catalytic 
activity of the charcoal. This very active portion was poisoned 


* Kubota and Yoshikawa (Sci. Papers Inst. Phys. Chem. Res. Tokyo, 1925, 
3, 223) have shown that a reduced-nickel catalyst has three distinct catalytic- 
ally active areas each of which can be completely and selectively poisoned. 
Although the total area may vary with the mode of treatment of the catalyst, 
they claim that the ratios of the areas remain unchanged. A critical examin- 
ation of their data, however, does not lead us to an unqualified acceptance of 


this view. 
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by M/1000-potassium cyanide and the maximum velocity of oxygen 
uptake on the remainder of the charcoal occurred with an oxalic 
acid concentration of 0-01M (Curve II, Fig. 1) comparable with 
that for sugar charcoal, i.e., 0-0075M. At this concentration the 
reaction velocity was k = 0-81 mm.° of oxygen per mg. of charcoal 
per hour. From the velocity—concentration curves for the un- 
poisoned and the partially poisoned charcoal the reaction velocity 
maximum (see Curve III, Fig. 1) for the more active surface was 
found to be k = 0°98 mm.° of oxygen per mg. perhour. Since the 
total surface of the charcoal is 210 sq.m. per g. and 1-2% of this 
is the very active iron—carbon surface, the specific activity of this 
surface is accordingly 0-98/(210 x 10* x 0-012) = 39 x 10°6 c.c. 
of oxygen per sq. cm. per hour. In a similar manner, the specific 
activity of the less active area is found to be 0-76 x 10-6 in the same 
units. When these values are compared with the specific activities 
of the three active patches obtained in the synthetic, charcoals 
(for the C-C, k = 0-70 x 10°; for the Fe-C, k = 40 x 10°6; and 
for the Fe-C-N, k = 770 x 10-6), it would appear that blood char- 
coal contains but two active patches—one of 1-2°% of the total area 
possessing an activity comparable with that of the synthetic Fe-C 
complex, and the other corresponding to unpromoted active carbon. 
It is somewhat remarkable that no sign of an iron—nitrogen—carbon 
complex is observed in the curves in spite of the fact that this 
charcoal contains not less than 7% of nitrogen. 

The Range of Influence of the Iron Promoter.—The dispersion of the 
iron in the blood charcoal must be fairly uniform and we may regard 
the charcoal as an intimate mixture of carbon and iron atoms in 
the ratio of 12,000: 1. With such a bulk distribution the surface 
distribution will be of the order of (12,000)? : 1 or 536:1. On the 
assumption that every iron atom in the surface is active in pro- 
motion, and since the active area is 1-2°% of the total surface, one 
atom of iron renders 536 x 1-:2/100 = 6-4 (or, say, 6) atoms of 
carbon active, both for the selective adsorption of cyanides and for 
the catalytic oxidation of oxalic acid. The existence of an iron 
atom in the centre of a benzene ring or with six co-ordinated carbon 
atoms, comparable with its complex cyanide ions, would offer a 
simple interpretation of this remarkable result. 

Attempts to achieve such a high carbon : iron ratio for the active 
patches in synthetic charcoals did not succeed, and it appeared 
likely that uniform dispersion of the iron could not be readily obtained 
when incorporated as a simpie iron salt in a mixture undergoing 
carbonisation. 
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The Temperature Coefficients of the Reactions on the Active Surfaces. 


In homogeneous gas reactions it is possible to calculate the energy 
of activation from'the temperature coefficient. Certain limitations 
are imposed in dealing with heterogeneous actions. Before such 
calculations can be made it is necessary to be certain that we are 
dealing with identical concentrations of the reactant over the 
temperature range examined. In the case under consideration, this 
involves the assumption that the areas and natures of the active 
patches, as well as the adsorption of the reactants, remain unchanged 
or, if any changes occur, that these can be determined so that the 
necessary corrections can be applied. 

Sugar Charcoal.—In Part I the temperature coefficient of the 
autoxidation of sugar charcoal was found to be k5»/k4g = 1-80, and 
the reaction was independent of the oxygen pressure over wide 
ranges. On the assumption that the area and nature of an active 
patch over the temperature range examined remain constant, the 
concentration of reacting adsorbed oxygen-carbon complex is 
likewise constant, and the temperature coefficient can thus be 
utilised for determination of the energy of activation. By applic- 
ation of the Arrhenius equation log-k59/kyg = — E(1/T, — 1/T )/R 
we obtain a value of H = 11,800 cals. for the energy of activation 
for autoxidation. In the oxidation of oxalic acid both reactants are 
adsorbed ; thus on either side of the point of maximum velocity the 
reactant adsorbed in excess acts as an inhibitor to the reaction. 
The temperature coefficient will therefore vary with the concentra- 
tion of oxalic acid. The coefficient of adsorption of oxalic acid 
within the temperature range 30—40° is small and negative, being 
3-74 x 10°? mol. per mg. at 30° and 3-70 x 10°? at 40°; that for 
the oxygen is unknown, although the solubility in the liquid falls 
from 0°0267 to 0-0233. We should anticipate that the temperature 
coefficient would steadily rise as we increase the oxalic acid con- 
centration. This anticipation is verified by the following figures. 


Es ditcdinicinnanvivertandadiaveniinn 2-00 2-03 2-06 
Molarity of oxalic acid ............ 0-005 0-0l (optimum) 01 


The correction to be applied for the change in adsorption with 
change in temperature thus appears to be relatively small, and on the 
assumption that the extent and nature of the active area remain 
unchanged we may determine the energy of activation for the 
sugar-charcoal complex from the temperature coefficient at the 
optimum, viz., 2-03. This yields a value of H = 14,020 cals. per 
g.-mol. The validity of this value is based upon the hypothesis 
that oxalic acid and oxygen are both actually adsorbed on the active 
area. That oxalic acid is adsorbed could be demonstrated by the 
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fact that on poisoning with amyl alcohol oxalic acid is displaced 
from the surface. In each experiment 100 mg. of charcoal were 
shaken with 10 c.c. of oxalic acid solutions of various concentrations. 
When adsorptive equilibrium was attained, the oxalic acid in solution 
was determined by titration with permanganate. Sufficient amyl 
alcohol was added to arrest catalytic oxidation and the bulk con- 
centration of oxalic acid was again determined; calculation then 
gave the amount of acid displaced by the alcohol from the active 
patch, of which the area was 34-5% of the total area of 10-8 sq. m. 
per g., as determined by the methylene-blue method. The following 
table shows the results, from which it will be seen that oxalic acid 
is preferentially adsorbed on the catalytically active area, but even 
before the maximum velocity is attained this solute is likewise 
partly adsorbed on the inactive area. 
Quantity displaced Quantity left on 


Quantity adsorbed by amylalcoholon inactive portion 
Bulk conc. of (g.-mols. per mg.) poisoning (g.-mols. (g.-mols. per mg.) 
x 10°, x 10’. 


oxalic acid. per mg.) x 107. 1 
0-0025M 0-5 0-5 0 
0-005M 0-92 0-91 0-01 
0-01M (optimum rate) 1-45 1-1 0-35 
0:02M 2-1 1:8 0-30 
0:04M 3-8 2-6 1-2 


Blood Charcoal.—At the maximum (Curve I, Fig. 1) with 0-025M- 
oxalic acid the temperature coefficient was kyp/ks, = 1-97 (mean of 
six determinations). When the charcoal was poisoned by the 
addition of M/1000-potassium cyanide, the velocity at the new 
maximum at 0-01M (Curve II, Fig. 1) was 54% of its original value. 
The addition of M/500- and M/200-potassium cyanide did not 
reduce this velocity appreciably. It may therefore be assumed that 
46%, of the velocity is due to the iron-containing area. The tem- 
perature coefficient of this partially poisoned charcoal was 2-01, 
comparable with the value 2-03 found for the sugar charcoal. 

If x be the coefficient of the iron-containing area, we thus obtain 
2-01 x 0-54 + 0-46” = 1-97, whence x = 1-92. This is appreciably 
smaller than the temperature coefficient for the unpromoted area 
(2-03), and the corresponding value for the energy of activation is 
12,900 cals. 

A few experiments were likewise carried out with a charcoal 
prepared from Bismarck brown containing iron impurities (see 
Warburg, Biochem. Z., 1924, 165, 461). It resembled that prepared 
from urea, sugar, and ferric chloride in its high velocity of oxidation 
of oxalic acid and in its behaviour towards the poisons, cyanides 
and thiocyanates; it may therefore be assumed that it contains 
the three groups C-C, Fe-C, and Fe-C-N. The temperature 
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coefficient of the unpoisoned charcoal at the maximum was 1-91," 
On the addition of potassium thiocyanate the velocity fell, and the 
temperature coefficient rose as follows : 


Conc. of KCNS. Rego: % Poisoning. K4o/kso- 
0 6-60 0 1-91 
M/10,000 6-28 4:9 1-91 
M /5,000 5-94 10-0 1-92 
M/2,500 2-34 64-5 1-93 
M/1,250 2-03 69-3 1-94 


Sufficient charcoal was not available to determine the adsorption 
of the thiocyanate. As a rough approximation, the curve obtained 
by plotting bulk concentration against percentage poisoning (Fig. 3) 
suggests that there are three areas on this charcoal corresponding 
to those on urea-iron-sugar charcoal, and that about 15% of total 
activity is due to the Fe-C, 55% to the Fe-C-N, and 30% to the 
C-C areas (compare Part II). Then, substituting the values 
already obtained for the temperature coefficients for the C-C and 
Fe-C areas, that for Fe-C—N (X) is given by the equation 1-92 x 
0-15 + X x 0-55 + 2-03 x 0-30 =1-92, or X = 1-86. This value 
can be confirmed more directly by the following method. Taking 
the point B (Fig. 3) of the partially poisoned charcoal, then, of the 
remaining activity, 65° is due to the Fe-C-N area and 35% to the 
C-C area; hence 0-65X + 2:03 x 0:35 = 1-91, or X = 1:86. 
Taking X as 1-86, the energy of activation H = 12,290 cals. 

We thus obtain for the energies of activation as determined from 
the temperature coefficients within the range 30—40°, for the 
C-C complex, 14,020; for the Fe-C complex, 12,900; and for the 
Fe-C-N complex, 12,290 cals. Whilst these critical increments 
are in the order anticipated inasmuch as the velocity of oxidation 
per sq. cm. rises with falling critical increment, yet they do not 
show the exponential relationship to the reaction velocities which is 
to be anticipated if the actual surface concentrations and arrange- 
ments of the molecules are identical, and if the complexes thus 
formed differ only in stability as was originally indicated (Part I). 

It is probable that the nature of the surface adsorption of the 
oxygen is more important than the surface concentration of the 
oxalic acid; for, on comparison of the properties of the correspond- 
ing active areas (C—C) of sugar and blood charcoal, we find that, 
whereas they yield identical velocities for the oxidation of oxalic 
acid at the optimum concentrations (0-70 and 0-76 x 10°6 c.c. of 
oxygen per sq. cm. per hour) and almost identical temperature 
coefficients (ky9/ks9 = 2-01 and 2-03), yet the adsorption of oxalic 
acid differs markedly on the two surfaces. 

The differences in the adsorbing properties of the catalytically 
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active charcoal areas of blood charcoal and pure sugar charcoal may 
be tabulated thus : 


Charcoal. 
Blood. Sugar. 
Conc. of oxalic acid for optimum rate .............+ 0:025M 0-01M 
Adsorption of oxalic acid per sq. cm. of active area 
at optimum conc. (molecules) — .............eeeeeee 3-12 x 10% 17-9 x 10% 
Conc. of amyl alcohol to effect poisoning ............ 0-:023M 0-007M 
Adsorption of amyl alcohol per mg. (g.-mol.) ...... 4°22 x 1077 1-58 x 107 
Adsorption of amyl alcohol per sq. cm. of total 
MENS  cocasosccncasvosspeuterenoestsnssinecssiacecossnes 1:27 x 10% 89 x 10% 
Adsorption of amyl alcohol per sq. cm. of active 
EMME. hash wsneiiesesapebionpses<hmannecieetessskes Cobeuse 23:3 x 10% 23-3 x 10% 


Although these actual concentrations are based upon the hypothesis 
that one amyl alcohol molecule is attached to one carbon atom, a 
view which is open to criticism, yet the differences in the relative 
adsorptions indicate clearly that the two areas are not identical in 
all respects. These data incline us to the view that the process 
of the chemical reaction involves activation of the oxygen rather 
than of the acid. The catalytically active area is thus that portion 
of the charcoal surface which permits of excitation of adsorbed 
oxygen to a level at which it can react with oxalic acid. It seems 
probable that the area of a carbon surface which is catalytically 
active will vary with the nature of the substance undergoing 
oxidation; substances not readily oxidised may only undergo 
oxidation on a very restricted area on which the oxygen can readily 
be excited or activated to a relatively high potential. Such sub- 
stances, which hitherto we have found to be characterised only by 
the possession of two polar groups, may also be defined by possessing 
different oxidation potentials, all of which are, however, below a 
certain critical value as determined by their powers of anodic 
depolarisation. We hope to inquire into the relationship between 
the rates of oxidation of such substances, the areas available for 
such oxidations, and the powers of anodic depolarisation which these 
substances may possess. 
Summary. 

The natures of the surfaces of blood charcoal have been examined 
by the methods previously detailed (J., 1925, 127, 1347; this vol., 
p- 1813). Only two active areas were identified—one corresponding 
to the Fe-C complex, and one to the C-C complex of synthetic 
charcoals. 

The area of carbon surface active for the oxidation of oxalic acid 
varies within the limits 30—55% of the total, depending on the 
method of preparation of the charcoal. The range of promoter 
action of one iron atom is found to extend to not more than six 
carbon atoms, and an analogy is sought in the complex iron cyanides. 
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The temperature coefficients of autoxidation and of oxidation of 
oxalic acid on the various active patches are determined. It is 
shown that the variation in adsorption of oxalic acid with the 
temperature is small; the variation in the temperature coefficient 
of oxidation with the concentration of oxalic acid is shown to follow 
the course anticipated. The distribution of oxalic acid between 
the active and inactive areas for various concentrations is determined, 
From the temperature coefficients, the following critical energy 
increments per g.-mol. are calculated : for autoxidation, 11,800 cals. ; 
for oxidation of oxalic acid on the C-C complex, 14,020 cals.; on 
the Fe-C complex, 12,900 cals.; and on the Fe-C—N complex, 
12,290 cals. 

Whilst corresponding surfaces on a sugar and blood charcoal are 
identical in respect of the rates of oxidation of oxalic acid and the 
temperature coefficients of the rates, yet they differ in the amount 
of oxalic acid adsorbed per sq. cm. at the concentrations of maximum 
velocity. Stress is laid upon the importance of investigating the 
properties of adsorbed oxygen in more detail, and a relationship is 
suggested between the area of surface catalytically active, the 
velocity, and the depolarising potential of the substance undergoing 
oxidation. 


LABORATORY OF PHYSICAL CHEMISTRY, 
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CCCCXXXI.—A Phase-rule Study of the Zinci-, Cadmi-, 
Mercuri-, and Nickelo-cyanides of Potassium. 


By ALEXANDER STEVEN CORBET. 


As several points of interest arose in a previous investigation on 
the cupro-, argento-, auro-, and thallo-cyanides of potassium 
(Bassett and Corbet, J., 1924, 125, 1660) it appeared probable 
that other groups of complex cyanides would repay examination. 
The cyanides of zinc, cadmium, mercury, and nickel are closely 
allied; all form complex cyanides of the type K,M’’(CN),, whilst 
some give sodium salts Na,M’’(CN), or NaM”’(CN), or both. Although 
previous investigations have been chiefly of a preparative or an 
analytical nature, the subject has also been studied from other 
aspects: thus, the electrical conductivities of aqueous solutions of 
the potassium salts under consideration have been determined at 
25° by Walden (Z. anorg. Chem., 1900, 23, 373), and further 
electrolytic work has been carried out by Brochet and Petit (Ann. 
Chim., 1904, 3, 449) and by Kunschert (Z. Elektrochem., 1905, 11, 
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348). The chief interest in these compounds, however, lies in their 
use in qualitative and quantitative analysis, and a phase-rule study 
of the three-component systems, KCN-Zn(CN),-H,0, etc., has 
afforded much information as to the conditions underlying their 


formation. 


The System Potassium Cyanide—Zinc Cyanide—Water. 


By crystallisation of a solution of zinc cyanide in aqueous 
potassium cyanide Rammelsberg (Pogg. Ann., 1836, 38, 364) 
obtained the salt K,Zn(CN), as colourless, octahedral crystals. 
This compound was investigated in more detail by Haidlen and 
Fresenius (Annalen, 1842, 43, 129), Gmelin (‘‘ Handbook of 
Chemistry,” 1852, VII, 424), Berthelot (Compt. rend., 1899, 128, 706), 
Loebe (Diss., Berlin, 1902), and Sharwood (J. Amer. Chem. Soc., 
1903, 25, 570). A thermal investigation of the binary system 
KCN-Zn(CN), by Truthe (Diss., Géttingen, 1912) gave no indication 
of complex cyanides other than the dipotassium salt. 

Of the sodium zincicyanides, Rammelsberg (Pogg. Ann., 1837, 42, 
114) prepared NaZn(CN),,24H,O as glistening, white plates, and 
subsequently Loebe (loc. cit.) and Sharwood (loc. cit.) confirmed the 
existence of a monosodium salt, which was, however, decomposed 
by water with separation of a basic zinc cyanide. Although unable 
to obtain the monosodium salt, Herz (J. Amer. Chem. Soc., 1914, 
36, 912) prepared a disodium compound, Na,Zn(CN),,3H,O, as 
efflorescent, orthorhombic crystals by crystallisation of a solution 
of zinc cyanide in aqueous sodium cyanide. 

In the present investigation, the salt K,Zn(CN), was obtained 
readily as transparent, octahedral crystals by evaporation of an 
aqueous solution containing potassium and zinc cyanides in the 
molar ratio 2:1. By an analogous procedure the corresponding 
sodium compound was prepared admixed with a little sodium 
cyanide [Found: NaCN, 37-8; Zn(CN),, 41-1. Na,Zn(CN),,3H,O 
requires NaCN, 36-4; Zn(CN)., 436%]. Thus prepared, the crystals 
were of indeterminate shape and stable in air. On application of 
pressure, however, they melted to a clear liquid from which trans- 
parent, hexagonal plates separated on evaporation. The transition 
point between this substance and a lower hydrate or the anhydrous 
salt was found to be ca. 52°. 

In an endeavour to prepare the monosodium compound, excess 
of zinc cyanide was added to a 10%, solution of sodium cyanide and 
maintained at a temperature just below the b. p. for an hour; the 
undissolved zinc cyanide was removed and the solution con- 
centrated. The crystals which separated appeared to contain the 
mono- and di-sodium salts in the ratio 3: 7 [Found : NaUN, 31-27; 
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Zn(CN),, 44-27%, corresponding to 1-67 NaCN, Zn(CN),, 3-57 H,0], 
and gave a white turbidity on addition of water, confirming Shar- 
wood’s observations concerning the mono-salt. An attempt to 
prepare a monopotassium compound by a corresponding method 
yielded the salt K,Zn(CN),. 

The complex potassium zincicyanide was completely decomposed 
by 0-1N-sulphuric acid and hence it was possible to estimate the 
cyanogen group volumetrically : excess of acid was added to the 
solution and, after standing over-night, this excess was determined 
by titration with 0-1N-sodium hydroxide and methyl-orange. 


Fia. 1. 
H,0 


KCN K,Zn(CN), Zn(CN) 


An examination of the three-component system KCN-Zn(CN), 
H,O was carried out at 25° and the results are given in Table I and 
Fig. 1. No indication was obtained of a complex cyanide other 
than the well-known potassium salt. The diagram bears a striking 
resemblance to that representing the corresponding gold cyanide 
system (J., 1924, 125, 1663), particularly in that solutions containing 
20—41 ¥, of potassium cyanide contain less than 1% of zine cyanide; 
the maximum solubility of the latter occurs in a solution in which 
the respective cyanides are present in approximately the ratio 
required to form the double salt. It may be seen from the figure 
that the solubility curve of zinc cyanide does not completely coincide 
with a line representing the ratio of potassium cyanide to zinc 
cyanide necessary to form the compound K,Zn(CN),. This indicates 
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that zinc cyanide is slightly soluble in a solution of potassium 
zincicyanide, a fact which is of importance in the cyanometric 
estimation of zinc (Treadwell, Chem.-Ztg., 1914, 38, 1230). By a 
volumetric method, depending on addition of a zinc solution to 
potassium cyanide until a permanent turbidity is produced, high 
values may be obtained, whilst low values may result if the reverse 
procedure is adopted. In both methods, however, the concentration 
of potassium cyanide is important, a 0-2N-solution being preferable 
to a 0-5N-solution, although Treadwell states that uncertain values 
may be obtained in very dilute solutions. 


TaBe I. 
The System KCN-Zn(CN),-H,O at 25°. 
Liquid phase. “* Rest.” 
7 Comp. of 
% KCN. %Zn(CN), %KCN. % Zn(CN),. solid phase. 

41-7 0-00 — —- KCN. 
41-15 Trace 77:79 10-13 KCN + K,Zn(CN),. 
39-04 Trace 51-59 44:24 , 

37°15 0-12 — _- 

34-46 0-17 61-72 43-06 

32-65 0-20 -- — 

23-56 0-67 46-69 45-95 > K,Zn(CN),. 

18-22 0-47 47-60 39-48 

14-17 1-50 — — 

7-65 5-75 _- 7 

6-64 5-86 53-04 45-90 

6°77 6-97 16-09 68-19 K,Zn(CN), + Zn(CN),. 
3°81 3°33 1-98 56-45 

2-50 2-30 1-52 63-93 Zn(CN),. 

Trace Trace Trace 76-87 J 


The System Potassium Cyanide-Cadmium Cyanide—Water. 


Rammelsberg (Pogg. Ann., 1836, 38, 364) described the prepar- 
ation and properties of cadmium cyanide and of the dipotassium 
salt, K,Cd(CN),, but later Joannis (Compt. rend., 1881, 93, 272; 
Ann. Chim., 1882, 26, 482) stated that the cyanide or a basic 
cyanide, 2Cd(CN),,CdO,5H,O, may be obtained according to the 
method of preparation. By mixing concentrated solutions of 
potassium cyanide and cadmium sulphate, and washing the adhering 
potassium sulphate from the precipitate, Joannis obtained the 
cyanide Cd(CN), as a white, crystalline powder. Loebe (loc. cit.), 
whilst confirming the constitution of Joannis’s basic compound, 
formulated a new substance as 3Cd(CN),,CdO,16H,0. 

An unsuccessful attempt was made to prepare cadmium cyanide 
by Joannis’s method. Very little precipitation occurred at room 
temperature and the product contained large and variable amounts 
of sulphate which could not be removed by washing. On boiling 
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the freshly-precipitated solution a product richer in cadmium was 
precipitated but complete removal of sulphate was not accom. 
plished. Employment of more dilute solutions did not yield very 
different results. That this behaviour may be attributed to some 
complex formation seems probable, for no immediate precipitation 
occurred on addition of cadmium sulphate to a solution of potassium 
cadmicyanide. On the other hand, by using cadmium nitrate, a 
white, amorphous powder, having the constitution 
3Cd(CN),,Cd0,4H,O 
and corresponding to Loebe’s basic cyanide, was obtained. 


Fia. 2. 
H,O 


KCN K,Cd(ON), Cd(CN), 


Potassium cadmicyanide was readily prepared and its properties 
corresponded with those described by Haidlen and Fresenius, 
Gmelin, and Loebe. In addition toa sodium salt, NaCd(CN),,14H,0, 
Loebe prepared cadmicyanides of the alkaline-earth metals. 

The results obtained in a phase-rule study of the system 
KCN-Cd(CN),-H,O at 25° are given in Table II and plotted in 
Fig. 2. This system differs from any previously examined in that 
solutions of the double salt are capable of dissolving appreciable 
amounts of the cadmium cyanide. As in the zinc cyanide system 
the extended range of existence of the double salt indicates that 
it may be prepared readily, a solution of the simple cyanides in 
almost any ratio depositing pure crystals of the cadmicyanide on 
evaporation. 
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TaBLeE If. 
The System KCN-Cd(CN),—H,0 at 25°. 
Liquid phase. ** Rest.” 
i Comp. of 
% KCN. %Cd(CN),. %KCN. %Cd(CN),. solid phase. 
41-7 0-00 — — KCN. 
40-67 0-82 44-18 53-63 
28-62 4-65 43-23 55-61 
28-22 4-54 43-55 56-04 
17-79 10-70 43-11 54:56 [ 2Cd(CN),. 
15-16 12-53 41-28 53-99 
11-65 16-15 43-35 49-81 
9-47 1914 16-68 71-26 K,Cd(CN), + Cd(CN),. 
* 7-82 15-73 2-07 69-48 
* 4-68 10-21 2-55 75:27 . 
* Trace 0-38 — — Cd(CN):. 
* Trace 0-36 — — 


* The solid phase in these cases was undoubtedly a basic cadmium cyanide, 
but the error introduced is not serious. 


The System Potassium Cyanide—Mercuric Cyanide—Water. 


The solubility of mercuric cyanide in water and the density 
of aqueous solutions of the salt have been the subject of numerous 
investigations. When plotted, however, the results obtained for 
the solubility determinations at various temperatures do not fall 
on a smooth curve. Mercuric cyanide readily forms double crystal- 
line compounds with many metallic salts and, of these, a large 
number have been described. By crystallisation of a solution of 
mercuric cyanide in aqueous potassium cyanide, Rammelsberg 
(Pogg. Ann., 1836, 38, 364) obtained potassium mercuricyanide as 
transparent, octahedral crystals and showed its constitution to be 
K,Hg(CN),. In addition to the sodium compound, NaHg(CN)s, 
other mercuricyanides of various types have been prepared by 
Grossmann and Forst (Ber., 1904, 37, 4141). 

The results of a phase-rule examination of the system KCN- 
Hg(CN),-H,O at 25° are given in Table III and plotted in Fig. 3. 
As in the two previous systems, the range of existence of solid 
potassium cyanide in contact with solutions containing the double 
salt is very limited. The increased solubility of potassium mercuri- 
cyanide in presence of mercuric cyanide and vice versa is, however, 
the most striking feature of the diagram. 


The System Potassium Cyanide—Nickel Cyanide—Water. 


Potassium nickelocyanide, K,Ni(CN),,H,O, was obtained as 
reddish-yellow, rhombic prisms by Rammelsberg (loc. cit.) by 
crystallisation of an aqueous solution of potassium cyanide con- 
taining nickel cyanide. The compound was examined further by 
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TaB_eE ITI. 
The System KCN-Hg(CN),-H,O at 25°. 
Liquid phase. ** Rest.” 
oe Comp. of 
% KCN. %Hg(CN),. % KCN. % Hg(CN),. solid phase. 
41-7 0-00 — — KCN. 
39-71 0-49 49-17 44-82 KCN + K,Hg(CN),. 
29°47 2-34 34-59 63-07 
17-34 11-09 32-79 63-54 
14-54 15-54 31-42 64-01 
12-54 20-65 32-81 62-97 [| KsHe(CN). 
12-51 31-19 33°62 64-16 
12-81 39-96 33-87 65°86 | 
11-37 41-85 0-81 98-02 4 
3-97 20-34 0-48 98-00 
* 1-09 13-53 -~ — 
* 0-56 11-83 — — Hg(CN),. 
* 0-28 10-89 ~ -= 
* 0-00 10-00 se — 
0-00 10-00 0-00 81:33 J 
* Sherrill, Z. physikal. Chem., 1903, 48, 719. 
Fia. 3. 


Haidlen and Fresenius (loc. cit.), Balard (Compt. rend., 1844, 19, 
909), Gmelin (loc. cit.), and Clarke (Jahresb., 1877,43). Rammelsberg 
(Pogg. Ann., 1837, 42, 114) also prepared the sodium salt, 
Na,Ni(CN),,3H,0, and all other nickelocyanides described in the 
literature are of this type. 
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The equilibrium in the system KCN-Ni(CN),—H,O was investigated 
at 25° and the results are given in Table IV and Fig. 4. The 
solubility curve of potassium cyanide, which can be followed into 
metastable regions, has a wider range of existence than in any other 
system in this investigation. In solutions in equilibrium with 
solid nickel cyanide, the simple cyanides are present in the stoicheio- 
metrical ratio required for the double salt, a fact of interest in con- 
nexion with the cyanometric estimation of nickel (Treadwell, 
« Analytical Chemistry,” IT, 5th ed., 721). Essentially this method 
comprises addition of excess of potassium cyanide to a nickel 


Fia. 4. 
H,O 


\ 


KCN K,Ni(CN),,H,O Ni(CN), 
solution and estimation of the excess above that required to form 
the salt, K,Ni(CN),, by titration with silver nitrate. From a study 
of the diagram it would be anticipated that accurate results should 
also be obtained by the reverse process of adding nickel solution to 
a standard solution of potassium cyanide. The objection to such 
a procedure, however, lies in the difficulty of determining the exact 
end-point of the titration. 

That potassium nickelocyanide is hydrated is a matter of interest 
in connexion with the Langmuir—Lewis electronic theory of valency. 
According to this theory, the substance K,Ni(CN),,H,O has 18 elec- 
trons in the outer shell, thus representing a condition of maximum 
stability, such as obtains with the anhydrous a \ 
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and K,Cd(CN),. A similar condition is found in the salt K,Hg(CN),, 
which has an outer shell of 32 electrons. 


TaBLeE IV. 
The System KCN-Ni(CN),-H,O at 25°. 
Liquid phase. “* Rest.” 
eo Z ~ Comp. of 
% KCN. %Ni(CN),. %KCN. %Ni(CN),. solid phase. 
41-7 0-0 - ant 
39-85 1-00 93-70 Trace 
38-79 1-88 93-73 Trace }KCN. 
37-64 4-69 89-80 Trace 
* 41-11 6-56 91-33 0-77 
39-09 5-95 86-23 902 KCN +K,Ni(CN),,H,O. 
30-94 7-46 ~ ame 
23-97 10-82 48-94 41-31 , 
23-14 10-34 47-15 39:96 [2Ni(CN),H,0. 
16-82 14-29 50-04 42-53 
16-82 13-94 38-15 35-92 K,Ni(CN),,H,O + Ni(CN),. 
10-58 9-13 — — yw: 
0-28 0-23 Trace 33-89 sNi(CN)2. 


* Metastable. 


EXPERIMENTAL 
Zincicyanides. 


Potassium cyanide. The best samples which could be procured 
commercially contained 2—3°% of hydroxide. The presence of this 
impurity introduced a slight error in the solubility determin- 
ations when potassium cyanide was present in large amount. 
This difficulty was overcome by preparing the mixtures from 
weighed quantities of the constituents and deducting the known 
amount of potassium hydroxide present from the total potassium 
found in the liquid phase by analysis. This procedure seems 
justified, since James (J. Soc. Chem. Ind., 1897, 16, 120) showed that 
the solid deposited on evaporating a solution containing equivalent 
weights of potassium hydroxide and zincicyanide was practically 
pure K,Zn(CN),. The figures given in the table have been thus 
corrected. 

Zine cyanide. The precipitate obtained by addition of a zinc 
salt to a solution of potassium cyanide contains a variable amount 
of basic cyanide. The zine cyanide used was obtained as a micro- 
erystalline powder by addition of excess of zinc sulphate to a warm 
solution of potassium zincicyanide. After standing over-night, 
the white precipitate of zinc cyanide was removed by filtration, 
washed with cold water, and dried in air. 

Potassium zincicyanide. This was prepared in the manner 
described on p. 3191 [Found: KCN, 52-0; Zn(CN),, 47-2. K,Zn(CN), 
requires KCN, 52-5; Zn(CN),, 47-5%]. 
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Water. All water used for the solubility determinations was 
boiled to remove carbon dioxide. 

Solubility Determinations.—Mixtures of the double salt and 
potassium or zinc cyanide were made up in presence of water in 
wax bottles so that liquid and solid phases were present. After 
rotation in a thermostat at 25° for 1 or 2 days, the bottles were 
opened and the solid thoroughly ground. The bottles were then 
replaced in the thermostat for a further 4 or 5days. On attainment 
of equilibrium, the liquid and solid phases were separated and 
analysed. This procedure was adopted in investigating the three 
remaining systems. 

Analysis.—After decomposition of any complex present by 
warming with dilute hydrochloric acid, the zinc was separated as 
sulphide and weighed as pyrophosphate. The potassium remaining 
in the filtrate was estimated as sulphate. A microscopic examin- 
ation of the solid phases confirmed the analyses, the double salt being 
obtained as crystals of indeterminate shape or, less frequently, as 
transparent octahedra. 

Cadmicyanides. 

Cadmium cyanide. Pure cadmium cyanide could not be prepared 
and the basic cyanide, 3Cd(CN),,CdO,4H,O, was used; by addition 
of a slight excess of strong cadmium nitrate solution to a con- 
centrated solution of potassium cyanide, this substance was obtained 
as a white precipitate which increased in bulk on warming. After 
being washed with cold water and dried in air at 110°, it was analysed. 
The cadmium was precipitated as sulphide and weighed as sulphate. 
In two separate samples the cyanide was estimated (a) by warming 
with silver nitrate solution, removing the precipitated silver cyanide, 
igniting, and weighing the silver obtained; (6) by distillation with 
0-1N-sulphuric acid, the hydrocyanic acid evolved being collected 
in dilute potassium hydroxide and titrated with silver nitrate. 
The second method can only be regarded as confirmatory, for, on 
distillation with dilute sulphuric acid, cyanides of the heavy metals 
frequently do not give a theoretical yield of hydrocyanic acid. 
That a theoretical yield would result in the present case seemed 
probable in view of the fact that cadmium cyanide is somewhat 
soluble in water and that potassium zincicyanide liberates 4 mols. 
of hydrocyanic acid under similar conditions [Found: Cd, 64-6; 
CN, (a) 22-4, (b) 22-4%, corresponding to 3Cd(CN),,CdO, 4-12 H,O]. 

This basic cadmium cyanide was slightly soluble in water, giving 
a solution alkaline to methyl-orange. A distinct tendency towards 
formation of colloidal solutions was noted and this rendered solubility 
determinations of questionable value. The solid and liquid phases 
could not be separated by filtration, but the solution was removed 
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in a pipette fitted with a cotton-wool filter. The results give values 
between 0-36 and 1-25 g. of “‘ cadmium cyanide” per 100 g. of 
solution, but the most probable figure appears to be in the neigh- 
bourhood of 0-37. Joannis gives the solubility of Cd(CN), in water 
as 17 g. per litre at 15°. 

Potassium cadmicyanide. This was readily obtained by dis- 
solving cadmium hydroxide in aqueous potassium cyanide and 
slowly evaporating the solution. The colourless, hexagonal plates 
which separated were crystallised from water and air-dried [Found : 
KCN, 44:8; Cd(CN),, 55-5. K,Cd(CN), requires KCN, 44-2; 
Cd(CN)., 55-8%]. 

Analysis —Cadmium was precipitated from the cold solution by 
hydrogen sulphide in presence of sulphuric acid. The precipitated 
sulphide was removed, dissolved in hydrochloric acid, and weighed 
after conversion into sulphate. The potassium remaining in the 
filtrate was estimated as sulphate, a correction being applied as 
before. 

Microscopic examination of the solid phases showed that the double 
salt occurred as colourless crystals of indeterminate shape or as 
transparent, hexagonal plates. 


Mercuricyanides. 


Potassium cyanide. Recrystallisation of potassium cyanide from 
60% alcohol gave a product in which the potassium present as 
cyanide agreed closely with the total potassium found. The 
potassium cyanide thus prepared did not develop a yellow colour 
in aqueous solution after several days, whereas the untreated 
substance did so. 

Mercuric cyanide. “ B.D.H. pure” mercuric cyanide was twice 
recrystallised from hot water, colourless, anhydrous crystals being 
obtained. The solubilities given by Sherrill (loc. cit.) and Herz and 
Anders (Z. anorg. Chem., 1907, 52, 164) for mercuric cyanide in 
water at 25°, when recalculated, are respectively 10-00 and 10-13 g. 
of salt per 100 g. of solution, in agreement with that now found. 

Potassium mercuricyanide. This was obtained as large, trans- 
parent, colourless crystals of indeterminate shape by slow evapor- 
ation of a solution containing the simple cyanides in the theoretical 
proportions. 

Analysis.—After slight acidification with hydrochloric acid, the 
mercury was separated and estimated as sulphide, and the potassium 
remaining in the filtrate was determined as sulphate. 

Under the microscope, the large, transparent crystals of the 
double salt were readily distinguished from those of mercuric 
cyanide, which showed a distinct tendency to form needles. 
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Nickelocyanides. 


Nickel cyanide. Addition of excess of nickel sulphate to an 
aqueous solution of potassium cyanide yielded the nickel cyanide 
as a bluish-green, gelatinous precipitate. After standing over- 
night, it was filtered off and washed with water until free from 
sulphate. The colour changed to pale blue on drying at 110°. 

Potassium nickelocyanide. This was readily obtained by slow 
evaporation of an aqueous solution of potassium cyanide saturated 
with nickel cyanide, the potassium cyanide having been purified 
by alcohol as before. 

Solubility Determinations.—All the solutions were orange-yellow. 
When nickel cyanide was present as a solid phase, filtration was 
slow. More difficulty in attaining equilibrium was experienced than 
hitherto. An attempt to obtain the isothermal invariant point 
[solid KCN + K,Ni(CN),,H,O]}, by addition of solid potassium 
cyanide to a saturated solution of the double salt in presence of 
excess of solid, gave a solution containing no excess of potassium 
cyanide, even if the mixture was maintained at 25° for 3 weeks. 
The results are in Table V. 


TABLE V. 
Liquid phase. ** Rest.” 
° : - ~ Comp. of 
% KCN. %Ni(CN), %KCN. % Ni(CN),. solid phase. 
17-08 14-24 62-66 28°43) lea vr: 
16-98 13-92 61-23 40-46 sKCN + K,Ni(CN),H,O. 


The invariant point given in Table IV was readily obtained by 
addition of excess of potassium nickelocyanide to a saturated solution 
of potassium cyanide. 

Analysis.—Nickel was estimated by means of dimethylglyoxime. 
In a further portion of the solution, slightly acidified with acetic 
acid, the nickel was separated by means of hydrogen sulphide, and 
the potassium remaining in the filtrate determined as sulphate. 

Under the microscope, the double salt obtained as the solid 
phase was seen to consist of large, orange-yellow crystals of indeter- 
minate shape. 

Summary. 


A phase-rule investigation of the systems KCN-M(CN),-H,O 
(where M = Zn, Cd, Hg, or Ni) has been carried out at 25°. The 
conditions of concentration underlying the formation of the double 
salts at this temperature have thus been determined. A gradual 
increase occurs in the solubility of the heavy-metal cyanides in 
aqueous solutions of their respective double salts on passing from 
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zinc to mercury. A similar increase is shown in the solubilities of 
the complex cyanides in water. 

The cyanometric estimation of zinc and nickel is discussed in the 
light of the results obtained. 


ScHOoL oF AGRICULTURE, 
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CCCCXXXII.—Optical Activity and the Polarity of Sub- 
stituent Groups. Part V. sec.-B-Octyl Esters of 
some Substituted Acetic Acids and their Behaviour 
towards Solvents. 


By Harotp Gorpon RULE and Rosert K. 8. MITCHELL. 


THE examination of a number of menthyl esters of substituted 
acetic acids (J., 1925, 127, 2188) has shown that the influence of the 
substituents on rotatory power is in approximate agreement with 
their general polar character. §8-Octyl alcohol, in comparison 
with menthol, appears to yield derivatives which are more complex 
in their optical properties, but thanks to the work of Pickard and 
Kenyon it is now a readily accessible compound and has been made 
the subject of a number of valuable researches by these investigators. 
It has been concluded (see also Hunter, J., 1924, 125, 1389) that 
the 8-octyl esters of aliphatic carboxylic acids exhibit complex 
dispersion, which may become anomalous under certain conditions 
of temperature and in the presence of certain solvents. During 
the course of an examination of B-butyl acetate and {-octyl acetate, 
heptoate, and stearate, it was found that the optical rotatory power 
of each ester was affected in a similar manner by a number of solvents. 
Ethylene dibromide, for example, brought about an exaltation in 
values, as compared with those for the homogeneous esters, whereas 
chloroform, benzene, pyridine, and carbon disulphide led to increas- 
ingly diminished values and in most cases to a reversal of sign. 
Now the only atoms of marked polar character in these esters are 
the oxygen atoms contained in the carboxyl residue, and it is of 
interest to determine what specific effect, if any, on the solvent 
action would result from the introduction of a polar substituent 
into the «-position to the carboxyl group. 

The following pages contain an account of the preparation and 
properties of the optically active B-octyl esters of methoxy-, chloro-, 
bromo-, and iodo-acetic acids. Rotations were measured for the 
compounds in the homogeneous state at temperatures between 
20° and 95°, and for the four wave-lengths Aggsg, Asag1, 57805 
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and segs. Determinations were also made of the rotatory powers 
of these compounds in 5% solution in a number of solvents. The 
molecular rotations, [M]p, for the homogeneous esters at 20°, 40°, 
60°, 80°, and 90° are summarised in Table I. The values of [M]p 
in solution at 20° are given in Table II, in which the figures found 
by Pickard and Kenyon for 8-octyl acetate are also included for the 
purpose of comparison. 


TABLE I. 


Values of [M]p for the d-8-Octyl Esters* of Monosubstituted Acetic 
Acids in the Homogeneous State. 


t. Methoxy-ester. Chloro-ester. Bromo-ester. Iodo-ester. 

20° +16-3° +17-9° +28-8° +43-7° 

40 14-8 16-4 26°5 40-9 (at 37-9°) 
60 13-5 15-1 24-5 37-4 (at 62°) 
80 12-4 14-0 23-0 a 

90 12-0 13-5 22-4 “= 


* To avoid confusion, the figures in Tables I and II are all quoted as for 
derivatives of d-octyl alcohol, although in some cases the experimental work 
was actually carried out with the l-isomeride. The values are read off from 
the smooth curves obtained from the figures given in the experimental section. 


TABLE II. 
Molecular Rotations, [MJ’, of d-8-Octyl Esters in Various 5% 
Solutions. 
Methoxy- Chloro- Bromo- _Iodo- 

Solvent. Acetate. acetate. acetate. acetate. acetate. 
Ethylene dibromide ...... +16-8° +19:2° +21:3° +30-3° +41-1° 
(Homogeneous ester) ... +11°8 +163 +179 +28-8 +43-7 
8-Tetrachloroethane ...... +10-2 +11-4 +-13-4 +21-°5 +35°7 
III, Sika ccs ink sassastvane + 9-6 +11-9 + 13-2 +25-2 +453 
Nitromethane ............ + 9-0 + 12-4 +14-] +-23°8 +41-9 
Ethyl acetate ............ + 8-9 +12-5 +149 +26°5 +45-1 
Chloroform — ...c....ccceee + 6-5 +11-6 +12-6 +22-7 +383 
er + 63 +116 +11-5 + 25-9 + 43-0 
Ethyl alcohol ............ + 61 +11-3 + 12-9 + 26-4 +46°8 
Carbon tetrachloride...... + 6-0 +13-0 +16-4 +28-0 +41°4 
WED ooscntbccceseccacocce — + 0-8 — +10-°8 — 
EE Fe CaP — 1-4 — 10 + 08 +10-1 +18-9 
I die enscacenccns — 2-4 — 6-4 — §2 + 49 +16-4 
Chlorobenzene ............ — 53 — 71 — 6-7 + 2-5 +12-1 
Bromobenzene ............ — — 70 — 88 + 1-6 + 91 
EE Sutlviicrevaiecnininves — 65 -11-5 (—11-6)* (—56-6)* (—52-4)* 
Todobenzene ............... — — 12-7 — 9-9 — 1-0 + 2-9 
Carbon disulphide ...... —15-4 —14-7 —10-7 — 1-2 + 71 


* These figures represent combination with solvent. 


Influence of Substitution. 


It will be seen from the figures in Table I that the molecular 


rotations are comparatively low in magnitude, although higher than 
5 Q* 
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that for the unsubstituted ester. In each case the values fall 
rapidly as the temperature rises, a property which is also common 
to octyl alcohol and octyl acetate (Pickard and Kenyon, J., 1911, 
99, 45; 1914, 105, 835). 

For the purpose of determining the relative effects of different 
substituents, the values of [MJ]? may be compared with those 
recorded by Pickard and Kenyon for 8-octyl acetate, propionate and 
butyrate. 


Substituent. H. Me. OMe. Et. Cl. Br. I. 
[1 }0° +11-8° 13-0° 16°3° 17-9° 17-9° 28°8° 43-7° 


Here the relative influence of the three halogen atoms is the 
reverse of that found for the corresponding menthy] esters (Hilditch, 
J., 1912, 101, 202) and for the menthyl esters of ortho-substituted 
benzoic acids (Cohen, J., 1914, 105, 1892), in which cases the effect 
of the halogen increases with decreasing atomic weight. A change 
in the above sense has, however, been recorded for the nuclear- 
substituted methyl dibenzoyltartrates (Frankland, Carter, and 
Adams, J., 1912, 101, 2470), where the relative influence is also 
given by H<Me<Cl<Br<I. 

Except for the reverse order of the halogens among themselves, 
the effect of substituents on the rotatory power of f-octyl acetate, 
viz., H<Me<OMe<Et<Cl<Br<I, is in approximate agreement 
with their general polar character, H<(Me,Et)<OMe<I<Br<(Cl, 
as deduced from their influence on the molecular inductive capacity 
of benzene or an aliphatic hydrocarbon (J., 1924, 125, 2159). A 
somewhat similar group arrangement holds for the rotatory powers 
of the corresponding menthyl esters of substituted acetic acids, 
where H<(Et,Me)<OMe<I<Br<(Cl (J., 1925, 127, 2189); for 
the dissociation constants of substituted acetic acids, (Et,Me)< 
H<OMe<I<Br<Cl; and for a number of cases of chemical 
reactivity (J., 1924, 125, 2159). 

In this connexion, it does not appear to have been previously 
pointed out that the initial disturbances observed by Pickard and 
Kenyon in the rotatory powers of certain homologous series of 
aliphatic esters, which may take the form of a depression at the C, 
acid followed by an exaltation at the C, acid, are paralleled by a 
similar disturbance in the dissociation constants of the acids. 
It is, in fact, becoming increasingly evident that the alteration in 
rotatory power due to a change in the molecular structure of an 
active compound often goes hand in hand with the effect of this 
change on other properties such as acidity, inductive capacity and 
chemical reactivity. An example of the last type has already been 
observed in the relationship existing between the influence of 
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substituents on further substitution in the benzene nucleus and on 
the rotatory power of the menthyl and £-octyl esters of o-substituted 
benzoic acids (Rule, J., 1924, 125, 1121; Rule and Numbers, this 
vol., p. 2166). In many cases, however, these resemblances are 
masked by other effects, such as those due to dispersion. Another 
group effect of a hitherto undiscovered type is described later under 
“influence of solvents.” 


Dispersion. 


When the values of 1/« for the above substituted acetic esters 
are plotted against 27, it is found that the points do not lie on 
straight lines, the divergence being greater at the higher temperatures 
of experiment than at the lower. The substituted esters therefore 
resemble the parent compound in showing complex dispersion. 
This is specially marked for the esters in carbon disulphide solution, 
and when the rotations are plotted in the form of a characteristic 
diagram the points representing the values in this solvent fall outside 
the lines accommodating the remaining points. A small region of 
anomalous dispersion exists where the molecular rotations of the 
d-octyl esters approximate to +3°. 


Influence of Solvents. 


The figures in Table II reveal a number of interesting regularities 
in the variation of rotatory power with change of solvent and in the 
effect of substituents contained in the solvent molecule. 

Variation of Rotatory Power with Change of Solvent—The first 
point to be observed is that the rotatory powers of all five esters 
are affected in a very similar manner by solvent action. In every 
case, &@ maximum depression is produced in carbon disulphide 
solution, which in general reverses the sign of rotation, and with 
the exception of the iodo-compound each ester gives an increased 
value in ethylene dibromide. All the aromatic solvents, including 
pyridine, resemble carbon disulphide in diminishing the rotatory 
powers. Owing to the low values of the observed rotations, it is 
possible that a few of the minor displacements in the columns are 
due to experimental errors, but the differences displayed by the 
iodo-ester are more definite, and are chiefly connected with the 
relatively higher values given by the oxygen-containing solvents 
ethyl alcohol, acetone, ethyl acetate, and aceticacid. Itis significant 
that the substituent having the most pronounced effect on the 
rotatory power of the parent ester should also bring about the 
most specific changes in the behaviour of the substituted esters 
towards solvents. Pyridine, as might be expected, combines readily 


with the halogen derivatives. When it is mixed with the bromo- 
5 Q* 2 
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or iodo-ester, heat is developed and the rotation rises rapidly to a 
limiting value. 

A second point of interest is that the order of the rotatory powers 
of the five esters in any given solvent is the same as that for the 
esters in the homogeneous state. The only exceptions to this 
statement are small displacements of the values for the acetate in 
pyridine, chlorobenzene, and phenetole, and for the chloro-ester 
in bromobenzene. 

These regularities appear to show that solvents influence the 
rotatory power chiefly through the medium of the carboxyl group, 
and that any specific solvent effect due to the presence of the 
substituents in question is a minor one. This is in agreement with 
the comparatively weak polar character of the substituents and 
their greater distance from the asymmetric complex. 

Effect of Substituents in the Solvent Molecule——On comparing the 
changes produced in the rotatory powers of the esters by solution 
in benzene or one of its substituted derivatives, it will be seen that 
toluene produces the least and iodobenzene the greatest alteration 
in value. The relative depressions due to the entry of different 
substituents into the benzene molecule are given by Me<H< 
OEt<Cl<Br<I, and this sequence holds for all five esters. In 
view of the fact that no connexion has yet been established between 
the nature of a solvent and its influence on the optical rotation of a 
dissolved substance, it is a point of unusual interest that this series 
so closely resembles that representing the effect of the substituents 
when introduced into the molecule of 8-octyl acetate, viz.,. H<Me< 
OMe<Cl<Br<I. In both cases, the order of the halogens among 
themselves is the reverse of that which might have been expected 
from their relative polarity, but whereas substitution in the asym- 
metric molecule increases the positive rotation of the d-ester, 
substitution in the solvent benzene molecule diminishes the positive 
rotation. It is probable that efforts to determine the relationship 
between rotatory power and solvent influence would be attended 
by a greater measure of success if more use were made of solvent 
series such as the above, in which the character of the molecule 
as a whole does not undergo any violent change from member to 
member. 

EXPERIMENTAL. 


The general method of procedure employed in the preparation 
and examination of the esters has been described in earlier commu- 
nications (J., 1925, 127, 2188; this vol., p. 2116). The first three 
compounds mentioned below were prepared from the corresponding 
acid chlorides, the iodo-ester being obtained from the chloro-ester 
by treatment with ethereal magnesium iodide (Bodroux and Taboury, 


THE POLARITY OF SUBSTITUENT GROUPS. PART Vv. 3207 


Bull. Soc. chim., 1907,1, 909). All the esters are colourless, odourless 
liquids. 

8-Octyl methoxyacetate, b. p. 120°/15 mm. (Found: C, 65-2; H, 
11-1. C,,H,.0, requires C, 65-3; H, 11-0%). 

8-Octyl chloroacetate, b. p. 119—120°/15 mm. (Found: Cl, 17-6. 
C9Hg0,Cl requires Cl, 17-2%). 

8-Octyl bromoacetate, b. p. 121°/15 mm. (Found: Br, 31-7. 
©9H,,0.Br requires Br, 31-8%). 

8-Octyl iodoacetate, b. p. 146—147°/17 mm. (Found: I, 42-6. 
CoH 90,1 requires I, 42-6%). 


Densities and Rotatory Powers of the Esters in the Homogeneous 
State. 


Rotations were determined in a l-dem. tube, except those for the 
methoxy-ester and others marked with an asterisk, which were 
measured in a 0-5-dem. tube. 


Observed Densities and Rotations. 


Octyl methoxyacetate. 


Di —«0-9721 at 205°; 0-9568 at 407°; 0-9435 at 57-6°; 0-9253 at 80-9°. 
Gre, 390° at 20-9°; 3-51° at 38-5°; 3-20° at 60-5°; 2-70° at 93-7°. 
Gogo 408° at 20°5°; 3-65° at 38-7°; 3-33° at 60-4°; 2-81° at 93-2°. 
Gs4g,  4°60° at 20°7°; 4-12° at 38-6°; 3-73° at 60-9°; 3-20° at 93-7°. 
G35, 7°33° at 206°; 6-52° at 38-5°; 5-88° at 60°3°; 4-84° at 93-5°. 


Octyl chloroacetate. 


De —_-0-9900 at 20-3°; 0-9747 at 39-4°; 0-9603 at 58-4°; 0-9413 at 811°. 
Geo, 864° at 18-7°; 7-82° at 38-2°; 7-06° at 59°5°; 613° at 89-9°. 

Gs7¢9 «904° at 19-0°; 8-24° at 38-3°; 7-21° at 59°6°; 6-47° at 90-0°. 

Gssg, 10°14° at 18-6°; 9-19° at 38-3°; 8-10° at 59-7°; 7-24° at 89-7°. 
@435,  16-09° at 188°; 14-78° at 38-7°; 12-94° at 59-7°; 11-51° at 90-3°. 


Octyl bromoacetate. 
Dy 1-1731 at 22-6°; 1-1549 at 40-8°; 1-1360 at 59-6°; 1-1127 at 83-8°. 
Gsg93 +42-13-34° at 22-0°; 12-40° at 378°; *5-67° at 53-4°; *5-20° at 75-6°. 
Gs7g9 ~—« 13-8 9° at 22-5°; 13-02° at 37-5°; *6-03° at 53-4°; *5-49° at 75-4°. 
Gs4g, 15-71° at 22-5°; 14-67° at 37-7°; *6-75° at 53-4°; *6-24° at 75-7°. 
Gy353 + 26°58° at 22-0°; 24-72° at 37-7°; *11-29° at 53-5°; *10-24° at 75-4°. 


Octyl iodoacetate. 


De —‘1-3013 at 21-2°; 1-2812 at 41-9°; 1-2587 at 64-3°. 
G55,  19-08° at 20-0°; 17-63° at 37-9°; 15-79° at 62°. 
G5754  19-89° at 20-0°; 18-32° at 37-9°; 16-36° at 63°. 
G54, 22-72° at 19-8°; 20-89° at 37-8°; 18-58° at 63°. 
@4553  39-49° at 19-7°; 36-10° at 38-2°; 31-80° at 63°. 


Rotatory Powers of the Esters in Solution (approx. 5%) at 20°. 


The solvents employed were the purest products obtainable and 
were in all cases submitted to further purification. The acetone 
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used was “from the bisulphite compound.” 
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Alcohol was dehydrated 


over calcium. Owing to the yellow colour of the iodobenzene it was 
not possible to obtain measurements of o435, in this solvent. The 
values for the halogen esters in pyridine represent compound 
formation, the rotations for the bromo- and iodo-esters rising con- 
tinuously from the time of the first observation. 


Rotatory Power of |-8-Octyl Methoxyacetate in Solvents. 


1 = 2, except for solvents marked, where 7 = 1. 


w = weight in g. of 


ester in 25 c.c., or * in 10 c.c. 


Solvent. Ww. 
Cole secessss 1-2242 
Ester (homog.) — 

es See 1-2267 
CH,:CO,Et ...... 1-1931 
CHINO, cccece 1-2055 
(CH,),CO ...... 1-2503 
CH,-CO,BH ...... 1-1961 
> 1-2015 
a 2 er 1-2872 
EE? secccssce 1-2285 
ie: Rivccactretse 1-3013 
ee 1-2710 
C,H;-OEt eeeeces 1 1883 
Sh 8 0-5141* 
CgMte” o6ccc0se- 0-5198* 
CEE EN s.cccccce 1-2290 
Se 0-4945* 

_ Rep ee 1-2058 


A5893° 
—0-93° 
— 7-86 
— 0-63 
— 0-59 
— 0-59 
— 0-59 
— 0-55 
—0-55 
—0-58 
— 0-55 
— 0-04 
+0-05 
+0-30 
+0-18 
+0-18 
+0-56 
+0-31 
+0-70 


5461° 
— 1-06° 
— 9-26 
— 0-72 
—0-71 
—0-70 
— 0-67 
— 0-63 
— 0-62 
— 0-64 
— 0-64 


+0:07 
+0:34 
+0-23 
+0-23 
+0-68 
+0°37 
+0:79 


4358" [M ]s461- [M Jasse: 
— 1-80° —21:9° —37-0° 
— 14-70 —19-25 —30-56 
— 115 —14°8 — 23-7 
— 115 — 15-0 — 24-4 
— 1-12 —14-7 — 23°5 
— 1-11 —13-5 — 22-4 
— 0:97 —13°3 — 20:5 
— 0-97 — 13-0 — 20-4 
— 1:04 — 12-6 — 20-4 
— 1-04 —13-2 —21-4 
+ 0:24 + 1-4 + 48 
+ 0-72 + 7-2 + 15-3 
+ 0-44 + 9-0 +17°3 
+ 0-44 + 89 +17-1 
+ 1-16 +14-0 + 23-9 

ae +15-1 mes 
+ 1:80 +16-6 +37°7 


Rotatory Power of |-8-Octyl Chloroacetate in Solvents. 


l = 2, except for solvents marked, where = 1. w = weight in g. of 
ester in 25 ¢.c., or * in 10 c.c. 


Solvent. Ww. 
OF Se ere 1-2710 
Ester (homog.) oa 
Bee cspecbsdecs 1-2133 
CH,-CO,Et 1-2322 
CH,'NO, _...... 1-2635 
s-C.H.Cl, ...... 1-2284 
(CH,),CO ...... 1-2688 
MD. ccvereres 1-2806 
a 1-2252 
CH,-CO,BH ...... 1-2078 
eMEe Sesesucascede 1-2592 
C,H,;-OEt ...... 1-1941 
535. Sere 0-4950* 
C,H;Br PTrerrrryy 0-4924* 
C,H;1 eeeeserecece 0-4988* 
Se 1-2677 
CeHEN — .ncccceee 1-2677 


Os5se3° 
— 1-05° 
— 8-58 
—0:-77 
—0-71 
— 0-69 
— 0-64 
— 0:65 
— 0°64 
— 0-60 
— 0-54 
— 0-04 
+0-24 
+0-16 
+0-21 
+0:°24 
+0-51 


(+ 0-57) 


oe ee ee 
> 
3 


G4358° [M]s161- [M ]ass8- 
— 206° —244° —41-9° 
— 16-03 —20:99 —33-45 
— 1-48 —19-4 —31-5 
— 143 —18-9 — 30-0 
— 1-25 — 16-3 — 25°6 
— 1-27 — 15-6 — 26-7 
— 1-23 —16:3 — 25-0 
— 1-21 —15:7 — 24:4 
— 1-10 — 15:2 — 23-2 
— 1-06 —14-1 — 22-7 
— 0:09 — 10 — 18 
+ 060 + 69 +13:0 
+ 0-41 + 9-6 +17-1 
+ 0:42 + 9-2 +17-6 

inate +12-0 ine 
+ 152 +139 +32:0 


ea aa a ee ee ee oh Le) 
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Rotatory Power of 1-8-Octyl Bromoacetate in Solvents. 


1 = 2, except for solvents marked, where / = 1. w = weight in g. of 
ester in 25 c.c., or * in 10 c.c. 


Solvent. Ww. 45893" O5461° G4358° [M]sae1- [MJasse- 
RT secu 12109 — 117° — 1-32° — 232° —34.2° —60-1° 
Ester (homog.) —s —13-46 —15:97 —26-:85 -—3410 —57-37 
PE actrwencsss 12654 — 113 — 137 — 233 —340 —87-8 
CH,-CO,Et ... 1:2657 — 107 — 129 — 220 -—320 —54-6 
TE prccniene 12584 — 106 — 128 — 217 —31-9 —541 
CH,CO.H ...... 12618 — 104 — 122 — 210 —303 —52-2 
(CH,),CO ...... 1:1302 — 091 — 112 — 182 —311 —505 
eit 12537 — 095 — 116 — 199 —29-0 —49-8 
IE fecessnasics 12159 — 0-88 — 102 — 169 —263 —436 
GME scons 13139 — 090 — 107 — 176 -—256 —420 
eat 0-5238* — 0-22 — es ios = 
Bn ccescesee 12478 — 040 — 046 — 078 —116 —196 
C,H,:OEt ...... 1-3415 — 0-21 — 0-28 — 0-39 — 6:5 — 91 
CEE piceseers 0-4970* — 005 — 006 — 009 —30 — 45 
C,H,Br ......-.. 0-4607* — 0:03 — 004 — 006 — 22 — 33 
eS re 0-5130* + 002 + 0-05 — + 2-4 —_— 
aOR 12924 +005 +007 +039 +17 + 965 
GE sccssenes 12641 (+ 2:28) — as er hes 


Rotatory Power of d-8-Octyl Iodoacetate in Solvents. 


l = 2, except for solvents marked, where / = 1. w = weight in g. of 
ester in 20 c.c., or * in 10 c.c., or ¢ in 25 c.c. 


Solvent. Ww. A5893° %5461° O4358° [M]saci- [Masss- 
COED | ssicecue 1:0310 + 162° + 1-:97° + 3-36° +657-:0° +97-1° 
(CH,),CO ...... 10066 + 1:53 + 182 + 3:17 +653-9 +93-8 
CH,°CO,Et ... 10184 + 154 + 184 + 3:21 ++53-9 +94-9 
Ester (homog.) — +1908 +22-:72 +39-49 +651:98 +90-33 
CHO GEL ..c00s 0-4846* + 0-70 + 084 + 148 +651-6 +91-0 
CHYeNG,  ..<05. 0:5050* + 0-71 + 087 + 153 +6514 +90-3 
Lg 10232 + 142 + 1:70 + 300 +49-5 +87-4 
Cee oncesvecs 0-9941 + 137 + 164 + 2:79 +49-2 +83-7 
0 9 rer 1-0279 + 1:32 + 155 + 264 +45-0 + 76-5 
s-C,H,Cl,......... 0-5425* + 065 + 0:76 + 1:35 +41-°8 + 74-2 
ee | ecksouccdecs 1-2837¢ + 065 + 0-78 + 1:35 +22-7 + 39-2 
C,H,-OEt ...... 0:9964 + 055 + 065 + 110 +194 +32-9 
fs ae 0-4917* + 0:20 + 0:23 + 044 413-9 + 26-7 
CGP scsiseess 0-4896* + 0:15 + 017 — +10:3 = 
, ea 0-9690 + 023 + 0:26 4+ 0-26 + 8-0 + 8-0 
RaIRGE. oi eseuceneee 0-5168* + 005 + 0-07 — + 4-0 — 
CREE isdescese 1:1197 (— 1-97) — _— — —_ 


In conclusion the authors desire to thank the Earl of Moray Fund 
for a grant which has covered most of the expenses incurred in this 
investigation. . 
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CCCCXXXIII.—The Crystalline Forms of 5-Nitro- 
salicylic Acid and of Related Compounds. 


By Freprrick Danie, CHATTAWAY and WILLIAM RyYLE CLiFForD 
CURJEL. 


WHEN a hot saturated aqueous solution of 5-nitrosalicylic acid is 
cooled to the ordinary temperature, the acid separates as slender, 
hair-like, almost colourless needles, the whole liquid becoming a 
felted pulp. On separating these crystals, suspending them in a 
small quantity of the mother-liquor, and warming, compact crystals 
appear, and grow at the expense of the slender needles, which 
quickly dissolve and disappear. On allowing the compact crystals 
to remain in contact with the aqueous mother-liquor at the ordinary 
temperature, the hair-like form reappears and grows slowly at the 
expense of the compact crystals, which in their turn dissolve and 
finally disappear. 

When the hair-like crystals are separated from the aqueous 
mother-liquor and placed in a little alcohol or acetone at the ordinary 
temperature, compact crystals, identical with those obtained by 
heating in aqueous suspension, make their appearance and grow at 
the expense of the needle-shaped form, which, as before, dissolves 
and finally disappears. 

These phenomena are due to the formation and decomposition 
of a hitherto unrecognised monohydrated form of the acid, 
which crystallises in hair-like needles, the compact form being 
the anhydrous acid. 

The hydrated form readily loses water on exposure to the air, 
and, on account of the fine hair-like character of the crystals, great 
difficulty is experienced in drying them for analysis. This could 
only be done by exposing them for a long period to a current of air 
saturated with water-vapour at the equilibrium pressure of the 
system hydrate-anhydrous acid—vapour (compare Hill and Smith, 
J. Amer. Chem. Soc., 1922, 44, 546). 

The solubility of the acid in water over the temperature range 
15—100° has been determined. The intersection of the respective 
solubility curves for the anhydrous acid and the monohydrate shows 
that the transition point lies in the immediate neighbourhood of 
42-5°. 

In the course of this work, crystals of the compact anhydrous 
form of 5-nitrosalicylic acid have been examined. Crystals of this 
acid have previously been examined by Fels (Z. Kryst. Min., 1903, 
37, 486), who obtained them from solution in acetone. The crystals 
were described as monoclinic with axial elements a:b:c= 
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0-9692 : 1: 1-:1067; 8 = 92°5’. No crystals corresponding to this 
description have been observed during the present examination. 
Crystals of ethyl 5-nitrosalicylate have also been examined. 


EXPERIMENTAL. 


The 5-nitrosalicylic acid used was prepared by the direct nitration 
of salicyclic acid in acetic acid solution (compare Raiziss and 
Proskouriakoff, J. Amer. Chem. Soc., 1922, 
44, 791), and was purified by repeated 
crystallisation from water. 

Anhydrous 5-Nitrosalicylic Acid.—On 
account of the great solubility of the acid 
in all common organic solvents, it was 
difficult to obtain crystals suitable for 
measurement. Those used in this work 
were obtained by allowing solutions in 
acetic acid or in a mixture of acetone and 
ethyl acetate to cool during 3 days in a ' 
slow cooler. }  % : 

The crystals belong to the holohedral || / b: 
class of the anorthic system. The axial ||/ 7 is i 
elements are a:b: c = 1-7456:1:1-0945; [/ 
a = 96°16’, B = 114°6’, y = 88°40’. 

The forms observed were a{100}, b{010}, / 
c{001}, m{110}, M{110}, R{101}, and g{011}. 

The interfacial angles (based on the bb: 
three best crystals measured) are shown in 5-Nitrosalicylic acid. 
the accompanying table. 


Mean 

Angle. No. Limits. observed. Cale. 
100 : 110 6 56° 39’—57° 25’ 57° 85’ * 
110 : 010 6 31° @¢—3I*° 68’ 31° 39’ * 
100 : 001 6 65° 32’—66° 16’ 65° 52’ * 
001 : 010 6 83° 18’—84° 15’ 83° 43’ * 
001 : O11 4 41° 36’—42° 6’ 41° 51’ * 
100 : 110 6 59° 1’—59° 32’ 59° 18’ 59° 3’ 
110 : 010 6 31° 19’—32° 20’ 31° 53’ 32° 19’ 
001 : Iol 6 37° 5’—37° 52’ 37° 35’ 37° 29’ 
110: O11 2 38° 29’—38° 39’ 38° 34’ 39° 0’ 
101 : O11 2 53° 17’—53° 33’ 53° 25’ 53° 0’ 


There is a perfect cleavage parallel to qg{011}. The resultant 
cleavage fragments show a biaxial interference figure, apparently 
symmetrical to the centre of the field. Strong crossed dispersion 
is shown. The double refraction is strong and negative. The 
axial angle is fairly wide. p< v. 

Twin-crystals are frequently found, twinned on the plane {011}. 

The density of the crystals is 1-654 at 18-5°. 
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Monohydrated 5-Nitrosalicylic Acid, OH-C,H,(NO,)-C(OH),.— 
To obtain crystals of the hydrate as large as possible, an aqueous 
solution of 5-nitrosalicylic acid, saturated below the transition point 
at 40°, was allowed to cool to the ordinary temperature during 2 days 
in a slow cooler. The hydrated form separated in very slender, 
strongly doubly-refractive, elongated prisms. A biaxial inter- 
ference figure of narrow axial angle is visible through one of the 
prism faces. The figure appears to be symmetrical, and is markedly 
different from that shown by the anhydrous acid. 

The symmetrical appearance of this figure, together with the 
frequent occurrence of straight extinction on the prism faces of the 
smaller crystals, indicates that the crystals of the hydrate are 
probably orthorhombic, but it has not been found possible to confirm 
this definitely, since no measurable crystals could be obtained. 

Analysis of the hydrate. The anhydrous acid did not lose weight 
on prolonged heating in an air-bath at 100—120°, and, consequently, 
the amount of water in the hydrate could be determined by heating 
a weighed quantity at this temperature. 

The crystals of the hydrate were freed from adhering water in 
the way already mentioned and were apparently dry after about 
7 hours’ treatment. The passage of air was continued for a further 
2 hours, and about half the hydrate was then transferred to a 
crucible, weighed, and dehydrated by heating in an air-bath at 
100—120° to constant weight (Found : loss, 9-39). The passage of air 
over the second half of the hydrate was continued for a further 6 
hours; it was then similarly weighed and dehydrated (Found : 
loss, 9-1%). 

In another experiment, a further quantity of hydrate was 
similarly dried for 2 days [Found : loss, 90%. OH’C,H,(NO,)-C(OH), 
requires loss, 8-95°%% |. 

Determination of the Transition Point between the Monohydrate 
and the Anhydrous Acid.—(a) Dilatometric experiments. A dilato- 
meter was filled with an intimate mixture of the anhydrous acid 
and the monohydrate in presence of water, and the direction of any 
volume change occurring in the system noted at various constant 
temperatures. At all temperatures between 15° and 37°, a very 
slight progressive decrease of volume, and at temperatures above 
46° a very slight progressive increase of volume, was observed. 
The transition point accordingly lay between these limits. The 
volume changes were, however, very slow and slight, and at tem- 
peratures between these limits were so slow as not to be perceptible. 

(b) Solubility measurements. A number of experiments showed 
that aqueous and aqueous-alcoholic solutions of 5-nitrosalicylic acid 
could be evaporated to dryness at 100—120° without any loss of 
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acid, the amount of which in such solutions could be determined by 
weighing the residue. Its slight solubility in water, however, 
necessitated the evaporation of inconveniently large volumes and 
it was found that the quantity dissolved could be ascertained with 
equal accuracy by titrating sufi.ciently diluted solutions with 
standard NV /100-alkali, the end-point being shown by the appearance 
of a permanent distinctive yellow colour. The most consistent results 
are obtained with solutions containing not more than 0-15 g. of acid 
in 100c.c. In stronger solutions, the faint yellow colour of the acid 
itself obscures the end-point. 

By either method small quantities of 5-nitrosalicylic acid can be 
estimated with a maximum error of 1%. 

The saturated solutions, prepared by shaking tightly corked 
bottles containing water and excess of the hydrated acid for 3—4 
hours in a thermostat, were aspirated into a weighing pipette 
through a plug of cotton wool. The amounts withdrawn, after 
weighing, were transferred to a calibrated flask and diluted to the 
uniform strength required for titration. 

The results are given below; the solubility, s, is expressed as g. of 
acid per 100 g. of water. It was not found possible to determine 
metastable solubilities, since partial transformation always occurred. 


Hydrated acid. Anhydrous acid. 

Temp. ee Temp. 8. Temp. 8 Temp 8. 
14-95° 0-061 310° 0-103 45-0° 0-200 650° = 0-391 
17-5 0-064 33-0 0-115 50-1 0-228 72-0 0-501 
20-5 0-068 35-0 0-125 55-2 0-273 74:1 0-528 
25-0 0-078 36-6 0-139 60-0 0-325 99-5 1-505 


29-0 0-093 40-1 0-169 
The change from the hydrated to the anhydrous form did not occur 
at 41°, but occurred at 43:5°. Hence the transition point lies 


0°40 | 


Solubility (g. of acid per 100 g. of 
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between these limits. By plotting the solubility-temperature curve 
for each solid phase and prolonging the curves to their intersection, 
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it is seen that the transition point lies in the immediate neighbour- 
hood of 42-5°. 

Crystallographic Examination of Ethyl 5-Nitrosalicylate—The 
ester was prepared by heating 5-nitrosalicylic acid with excess of 
ethyl alcohol in presence of a little concentrated sulphuric acid. 
The liquid was poured on to ice; the ester which separated crystal- 
lised from alcohol, in which it was readily soluble, in colourless, 
prismatic crystals, m. p. 96°. 

Crystals were obtained for measurement by allowing a solution 
in carbon tetrachloride to cool during 3 days in a slow cooler. The 
crystals belong to the monoclinic system and are of prismatic habit. 
The axial elements are a: 6: c = 0-9530: 1: 0-4377; 6 = 122°38’. 
The forms observed were a{100}, b{010}, c{001}, m{110}, {120}, 
and, less frequently, g{011}. 

The interfacial angles are given in the accompanying table. 


Mean 
Angle. No. Limits. observed. Cale. 
100 : 120 6 57° 57’—58° 16’ 58° 5’ . 
100 : 001 6 57° 2’—57° 37’ 57° 22’ * 
001: 011 2 20° 8’—20° 20’ 20° 14’ i 
100 : 110 6 38° 33’—39° 28’ 39° 0’ 38° 45’ 
120 : 001 6 73° 16’—73° 41’ 73° 24’ 73° 26’ 


Perfect cleavage is developed parallel to n{120}. Less perfect 
cleavage is developed parallel to c{001}. A cleavage fragment 
parallel to (120) shows one optic axis, the b-axis being the acute 
bisectrix of the axial angle. The double refraction is very strong 
and positive. p<v. 

The density of the crystals is 1-429 at 19°. 

The Polymorphic Forms of 5-Nitro-2-ethoxybenzaldehydesemi- 
carbazone.—The semicarbazone of 5-nitro-2-ethoxybenzaldehyde 
(see this vol., p. 2721) exists in two monotropic polymorphic modific- 
ations. It is very sparingly soluble in boiling alcohol, acetic acid, 
or acetone, and on rapidly cooling a solution in any of these solvents 
a labile form separates in clusters of almost colourless, prismatic 
crystals. These, in contact with the mother-liquor at the ordinary 
temperature, slowly change into a stable form consisting of small, 
brilliant yellow crystals. This form is also obtained on allowing 
an alcoholic solution, saturated at the boiling point, to cool during 
3 days in a slow cooler. 

The crystals of the labile form, which are not suitable for measure- 
ment, are of slender prismatic habit and strongly doubly-refractive. 
The extinction on all the prism faces examined is oblique with the 
interfacial edges. 

The crystals of the stable form belong to the monoclinic system. 
The axial elements are a: 6:c = 1:3963: 1: 2-1269; 8 = 104° 26’. 
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The forms observed were a{100}, 1{210}, m{110}, c{001}, and, less 
frequently, R{101}. 
The interfacial angles are given in the accompanying table. 


Mean 
Angle. No. Limits. observed. Cale. 
100 : 001 4. 75° 0’—75° 49’ 18° 34’ * 
100 : 210 12 33° 50’—34° 20’ 34° 4 * 
001: 101 4 66° 57’—67° 38’ 67° 11’ * 
110: 210 12 19° 10’—19° 37’ 19° 22’ 19° 27’ 
001 : 210 4 78° 19’—78° 32’ 78° 26’ 78° =5’ 


Fair cleavage occurs parallel to c{001}. The density of the 
crystals of the stable form at 
18-5° is 1-437. 

At 20°, 100 g. of alcohol, of 
chloroform, and of acetone dis- 
solve 0-10 g., 0-05 g., and 0-30 g., 
respectively, of the stable form. 

The very slight solubility of 


the semicarbazone in all sol- 


Semicarbazone of 5-nitro-2-ethoxy- 


vents, together with the fact benzaldehyde. 

that, on shaking in the thermo- 

stat, the transformation into the stable form is rapid, has prevented 
the solubility of the labile form from being determined. 
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CCCCXXXIV.—The Mercuration of Aromatic Sub- 
stances. Part III. p- and m-Nitrotoluenes. 


By SAMUEL COFFEY. 


RECENT quantitative investigations on the mercuration of relatively 
simple benzenoid compounds, e.g., nitrobenzene (Dimroth, Annalen, 
1926, 446, 148; Jiirgens, Rec. trav. chim., 1926, 45, 61), toluene 
(Coffey, J., 1925, 127, 1029), and o-nitrotoluene (Coffey, this vol., 
p. 637; Burton, Hammond, and Kenner, ibid., p. 1802), have 
clearly proved that these reactions do not follow the usual laws of 
substitution (compare also Coffey, Chem. Weekblad, 1926, 23, 194). 
The study of this type of substitution has now been extended to 
p- and m-nitrotoluenes. A third substituent enters the former com- 
pound as a rule exclusively in position 2, but the mercuration is 
“ abnormal ’’ in that a large quantity of the compound substituted in 
the 3-position is formed; in fact, this may constitute as much as 
80% of the mono-substitution products isolated. Therefore, as with 
toluene and o-nitrotoluene, the mercuration of p-nitrotoluene appears 


3216 COFFEY: THE MERCURATION OF AROMATIC SUBSTANCES. 


to depend mainly on the nature of the entering group. Owing to 
the antagonistic orienting powers of the methyl and the nitro-group 
in m-nitrotoluene, substituents may enter the nucleus in positions 
2, 4, 5, and 6 (compare Holleman, “ Die direkte Einfiihrung von 
Substituenten in den Benzolkern,” Leipzig, 1910, pp. 310—314), 
and it is impossible to decide what the normal course of the reaction 
should be. 

Reissert (Ber., 1907, 40, 4209) has obtained derivatives of p-nitro- 
toluene mercurated in the side chain, but no compounds have yet 
been described containing mercury directly attached to the aromatic 
nucleus. Such compounds are readily produced, however, by 
heating p-nitrotoluene with mercuric acetate at 140°. 

The proportions of the 2- and 3-acetoxymercuri-4-nitrotoluenes 
obtained on mercuration were determined by converting the pro- 
duct through the chloromercuri-p-nitrotoluenes into a mixture of 
2- and 3-bromonitrotoluenes and analysing this thermally. For 
comparison, 2- and 3-bromonitrotoluenes were prepared and the 
final melting points of the binary mixture determined. The two 
substances behaved normally, no compounds or solid solutions 
being formed. 

Pure individual products could not be isolated from the mercur- 
ation mixture and therefore the two components were made syn- 
thetically. 

2-Chloromercuri-4-nitrotoluene was prepared from the correspond- 
ing sulphinic acid (compare Peters, Ber., 1905, 38, 2567), obtained 
by warming the sulphony! chloride with sodium sulphite (compare 
Blomstrand, Ber., 1870, 3, 965; Limpricht, ibid., 1892, 25, 75, 
3477). 

Derivatives of p-nitrotoluene containing a substituent in the 
3-position are difficult to prepare. 

3-Chloromercuri-4-nitrotoluene was synthesised by the following 
series of reactions: 4-Nitro-o-toluidine was sulphonated with 
chlorosulphonic acid, giving exclusively 4-nitro-o-toluidine-5- 
sulphonic acid (the constitution of which was proved by reducing 
it to 2 : 4-tolylenediamine-5-sulphonic acid; Foth, Annalen, 1885, 
230, 300). The diazonium derivative of this sulphonic acid was 
extremely stable and the elimination of the diazonium group was 
effected only by means of copper powder and formic acid. The 
4-nitrotoluene-3-sulphonic acid thus obtained was converted into 
the corresponding sulphinic acid, and this into 3-chloromercuri- 
4-nitrotoluene. 

3-Bromo-4-nitrotoluene was prepared from 4-nitroaceto-m-tolu- 
idide, which is produced to the extent of 10—15% by the usual 
method of nitrating aceto-m-toluidide (Cohen and Dakin, J., 1903, 
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83, 333; Cook and Brady, J., 1920, 117, 1952). This method is 
slow and laborious on account of the great solubility and tendency 
to form supersaturated solutions of the nitroacetotoluidide. By 
using Menke’s method (Rec. trav. chim., 1925, 44, 144) of nitration 
with copper nitrate and acetic anhydride, the yield of 4-nitroaceto- 
toluidide has been increased from 10% to 50%, thus allowing of 
its isolation in quantity. 

m-Nitrotoluene is more difficult to mercurate than the ortho- 
compound, but on heating with mercuric acetate for 12 hours it 
gave a mixture of acetoxymercuri-m-nitrotoluenes, which were 
converted into the corresponding chloromercuri-derivatives. 4-and 
5-Chloromercuri-3-nitrotoluenes were isolated from this mixture 
and the occurrence of 6-chloromercuri-3-nitrotoluene was proved 
by the isolation of 6-bromo-m-toluidine from the mixture of amino- 
compounds obtained by reducing the corresponding mixture of 
bromonitrotoluenes. 


ExPERIMENTAL. 


Mercuration of p-Nitrotoluene.—p-Nitrotoluene (crystallised from 
petroleum) and mercuric acetate in various proportions were 
heated together at 140° for different lengths of time. In most 
cases, the product, if allowed to cool, solidified at about 100°. 
The hot mixture was therefore poured directly into ether (10 times 
the weight of nitrotoluene taken) and left over-night. The large 
precipitate (B) obtained consisted of unchanged mercuric acetate, 
mercurous acetate, and highly mercurated nitro-compounds, the 
proportions of which varied with the duration of heating. 

The ether was distilled from the filtrate, excess of sodium chloride 
added, and the excess of p-nitrotoluene distilled in steam, the last 
traces being removed by boiling with water. The residue of crude 
monomercurichlorides (A) was dried and extracted with hot 
acetone, the solution boiled with animal charcoal, and the solvent 
removed. 

The details of the experiments are : 


Mercuric Time of 
Expt. Nitrotoluene. acetate. heating. B. A. 
I 150 g. 40 g. 4 hours 14 g. = 
II 450 ,, 120 ,, wits, 70 ,, 35 g. 
IIL 200 ,, 60 ,, S: w -= Biv 
iv 270 ,, 70 ,, 1s « 44,, ¥! x» 


In the last experiment scarcely any mercuric acetate remained 
unchanged. 

As a rule, the crude monochloromercuri-p-nitrotoluene contained 
about 25° of matter insoluble in acetone. The purified products 
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were colourless solids, readily soluble in hot acetone and fairly 
easily soluble in hot glacial acetic acid, from which they separated 
in feathery or woolly crystals. In all cases, however, they were 
ill-defined and obviously mixtures. They consisted of pure mono- 
chloromercuri-p-nitrotoluenes (Found: Hg, 53-2, 52-9; Cl, 9-9; 
N, 3:8. C,H,O,NCIHg requires Hg, 53-9; Cl, 9-5; N, 3-8%), but 
could not be separated into their components by crystallisation. 
Orientation of the Chloromercuri-4-nitrotoluenes.—The mixture 
was very readily converted by an equivalent quantity of bromine, 
dissolved in potassium bromide solution, into a pale yellow oil 
consisting of the corresponding bromo-p-nitrotoluenes. This was 
distilled in steam and solidified on cooling. Crystallisation from 
alcohol furnished pure 2-bromo-4-nitrotoluene, m. p. 76°, in small 
yields, but it proved impossible to isolate pure 3-bromo-4-nitro- 
toluene by crystallising the oils and buttery solids which remained. 
Differential Action of Bromine in Carbon Tetrachloride—The 
crude product (24 g. from an experiment identical with II), sus- 
pended in 104 c.c. of dry carbon tetrachloride containing 10-4 g. 
of bromine, was kept in the dark for 12 weeks; bromine and 
unchanged chloromercuri-p-nitrotoluene were then still present. 
The solution was filtered, the solvent evaporated, and the yellow, 
buttery residue crystallised from methyl alcohol, about 3 g. of pure 
2-bromo-4-nitrotoluene being obtained. The mercuric bromide 
produced and the unchanged substance were treated with bromine 
in potassium bromide solution; a further quantity of mixed bromo- 
nitrotoluenes was then obtained as an oil. This was distilled in 
steam; it solidified (m. p. 30—35°) after several weeks and on 
crystallisation from methyl] alcohol gave 3 g. of very pale yellow, 
prismatic needles of 3-bromo-4-nitrotoluene, m. p. 36°. Hence the 
original mixture of monochloromercuri-4-nitrotoluenes must have 
contained at least 25° of the unexpected 3-compound. 
2-Bromo-4-nitrotoluene.—A solution of p-nitro-o-toluidine (25 g.) 
in hydrobromic acid was diazotised and added to a cooled solution 
of cuprous bromide and the product was distilled in steam (compare 
Blanksma, Chem. Weekblad, 1909, 6, 899), practically pure 2-bromo- 
4-nitrotoluene passing over (yield, 90%). After crystallising twice 
from alcohol, it was obtained in almost colourless, glistening 
needles; the fused solid froze constantly at 75-8°. In the 
literature, the melting point is variously given as from 75° to 78° 
(compare Nevile and Winther, Ber., 1881, 14, 418; Scheufelen, 
Annalen, 1885, 231, 171). 
Nitration of Aceto-m-toluidide and Preparation of 3-Bromo-4-nitro- 
toluene.—A solution of m-toluidine (15 g.; 2 mols.) in 90 g. of acetic 
anhydride was cooled to 0° and shaken with trihydrated copper 
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nitrate (16-4 g., recrystallised from hot concentrated nitric acid and 
carefully dried). The copper salt gradually dissolved with evolution 
of heat and the temperature was kept as low as possible by cooling 
in ice; copper acetate crystallised as the reaction proceeded. The 
main reaction was over in about 14 hours and cooling was then 
unnecessary. After 12 hours, the mixture was poured into 3 litres 
of ice-water and stirred until the anhydride had disappeared. The 
washed yellow solid (21 g.; m. p. 58—68°), which was free from 
occluded copper salts, was crystallised from alcohol (good cooling 
was required to crystallise the 4-nitro-compound), 4-nitroaceto-m- 
toluidide separating in long sheaves of golden-yellow needles and 
6-nitroaceto-m-toluidide in compact, crimson prisms. The two 
compounds were separated mechanically and each was recrystal- 
lised until pure. 

4-Nitroaceto-m-toluidide, thus obtained in long, golden needles, 
m. p. 85-8°, was warmed on a water-bath with 2} times its weight 
of hydrobromic acid (d 1-4) and the solution was added to 40 c.c. 
of hydrobromic acid and 30 c.c. of water and cooled below 0°. 
The theoretical quantity of sodium nitrite dissolved in ten times its 
weight of water was then added all at once with violent agitation, 
and the clear diazotised solution added to a cooled solution of 
cuprous bromide obtained by boiling 3-5 parts of copper oxide and 
5-2 parts of copper in 70 parts of hydrobromic acid (d 1-4) and 
8 parts of water. A violent action took place and when this had 
subsided the bromonitrotoluene was distilled in steam. The yield 
was nearly theoretical. The oil solidified readily and was then 
recrystallised from methyl alcohol until the freezing point was 
constant. 3-Bromo-4-nitrotoluene crystallises in pale yellow prisms 
or needles, m. p. 36-2°. 


The System 2-Bromo-4-nitrotoluene—3-Bromo-4-nitrotoluene. 


The final melting points of mixtures of these two substances were 
determined by cooling the molten mixture very slowly with constant 
vigorous agitation until solidification began and then remelting 
by gentle warming, the temperature at which a solid phase ceased 
to exist being observed to within 0-1°. No untoward difficulties 
were encountered and the results were as follows : 


2-Bromo- 2-Bromo- +  2-Bromo- 2-Bromo 

4-nitro- 4-nitro- 4-nitro- 4-nitro- 
toluene %. M. p. toluene %. M. p. toluene %. M.p. toluene %. M. p. 
— 362° 24-4 254° 44-75 392° 70-65 59-6° 
3°57 35-0 29-75 22-6 49°55 43-6 77-1 63-7 


7°34 33-3 32:1 25-6 53°9 47-4 89-2 70-6 
12-6 31-2 37:0 31-8 57-35 50-2 100-0 75:8 
17-1 29-0 41-3 36-0 64-6 56-0 
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Mixtures containing from 17-1 to 37% of 2-bromo-4-nitrotoluene, 
on being cooled continuously below the solidification point, solidified 
completely when the eutectic temperature, 22:2°, was reached. 


Quantitative Results obtained on mercurating p-Nitrotoluene. 


The above melting points were used to determine the composition 
of the mixtures of monochloromercuri-4-nitrotoluenes obtained by 
mercurating p-nitrotoluene. The mixture was converted quan- 
titatively into a mixture of the corresponding bromonitrotoluenes by 
treatment with bromine in potassium bromide solution and the 
bromonitrotoluenes were distilled in steam, filtered off while still 
warm and liquid through a wet filter, and- dried. The melting 
points of these mixtures were then determined. 

The mixture of chloromercuri-p-nitrotoluenes obtained in Expt. III 
gave amixtureof bromonitro-compounds melting completely at 22-8° ; 
addition of a small quantity of pure 2-bromo-4-nitrotoluene raised 
the melting point. The mixture also solidified completely at the 
eutectic point—which was a clear proof of its being a mixture of 
the two bromonitrotoluenes. It therefore contained 30-5% only 
of the normal substitution product, namely, 2-bromo-4-nitrotoluene, 
and 69-5%, of 3-bromo-4-nitrotoluene. 

The mixture obtained in Expt. IV by heating for 13 hours gave 
a mixture melting at 26-4°, the solid phase being the 3-bromo-com- 
pound. This corresponds to 22:5% of the normal substitution 
product and 77-5°% of the compound substituted in the 3-position. 


Synthesis of 2-Chloromercuri-4-nitrotoluene. 


4-Nitrotoluene-2-sulphonic acid was prepared by heating 50 g. 
of p-nitrotoluene and 110 g. of 20% oleum at 120° for 2 hours. 
The mixture was poured into 500 c.c. of saturated potassium 
chloride solution and the potassium salt was filtered off and recrystal- 
lised from water with the aid of charcoal (yield of anhydrous salt, 
70%; compare Beiistein and Kuhlberg, Annalen, 1870, 155, 8; 
Janssen, ibid., 1874, 172, 230). 

4-Nitrotoluene-2-sulphinic Acid—The molten sulphonyl] chloride 
(10 g.; prepared from the potassium salt in the usual way) was 
shaken with a solution of 10-5 g. of sodium sulphite in 25 c.c. of 
water, the acidity that developed being corrected by the occasional 
addition of 50° caustic soda solution (total amount of caustic soda 
required, 3-3 g. or 2 mols.). Eventually the mixture reached a 
temperature of 65° and all the sulphonyl chloride disappeared ; 
the whole mass then suddenly crystallised. The sodiwm salt was 
collected when cold and dried in a desiccator over-night (yield, 
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7g.) (Found: Na, 9-1; H,O, 13-9. C,H,O,NSNa,2H,O requires 
Na, 8-9; H,O, 13-9%). 

4-Nitrotoluene-2-sulphinic acid, prepared by acidifying an aqueous 
solution of the sodium salt, slowly separated in shining, pale yellow 
plates, m. p. 127—128°. It was fairly stable in air but reduced 
permanganate (Found, by oxidation with permanganate: M, 199-2. 
Calc.: M, 201). The ferric salt was prepared (Found: Fe, 8°8. 
Cale.: Fe, 83%). 

2-Chloromercuri-4-nitrotoluene was obtained as a white solid when 
the sulphinic acid was boiled with a 50°/ aqueous alcoholic solution 
of mercuric chloride. The solid was washed with 50%, alcohol, dried, 
and extracted with acetone. From the extract, 2-chloromercuri-4- 
nitrotoluene separated in feathery needles, m. p. 230—231° (corr.). 


Synthesis of 3-Chloromercuri-4-nitrotoluene. 


Sulphonation of p-Nitro-o-toluidine——The nitrotoluidine was 
mixed with chlorosulphonic acid (13 mols.) and heated very 
cautiously to 150°. A fairly vigorous reaction took place, which 
was at an end in about an hour. (If the heating is not properly 
controlled, a vigorous reaction takes place with explosive violence 
and much charring.) The solid mass was dissolved in dilute boiling 
aqueous ammonia; the filtered solution, on cooling, deposited a 
mixture of four-sided plates and yellow needles. The latter (un- 
changed base) were removed by washing the mixture with ether, 
and the plates were then recrystallised from hot water, giving large, 
. golden, striated, four-sided, anhydrous tablets of ammonium 
4-nitro-2-aminotoluene-5-sulphonate (Found : NH, 6-8. C,H,,0;N; 
requires NH, 6-8%). 

The potassium salt was similar in appearance and general pro- 
perties. The sulphonic acid, prepared from the ammonium salt, 
crystallised in colourless needles with no definite melting point. 
The ammonium salt was dissolved in hot hydrochloric acid and 
reduced with the calculated quantity of stannous chloride, 2: 4- 
tolylenediamine-5-sulphonic acid being formed in almost theoretical 
yield. The properties of this acid and of its potassium and barium 
salts and hydrochloride agreed almost exactly with the descriptions 
given by Foth (loc. cit.). 

4: Nitrotoluene-2-diazonium-5-sulphonate-—A fine suspension of 
ammonium 4-nitro-2-aminotoluene-5-sulphonate (16-5 g.) in water 
was treated in the cold with 10 g. of sodium nitrite (in water) 
followed by an excess of dilute sulphuric acid. The white, crystalline 
substance produced was collected after 12 hours, well washed, 
and dried in the air (yield, theoretical). The compound was very 
sparingly soluble and exploded on heating. 
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4-Nitrotoluene-3-sulphonic Acid.—The diazonium compound was 
suspended in six times its weight of formic acid (d 1-2), and 4 g. 
of copper powder were added. Nitrogen was evolved immediately 
and, on warming, a violent evolution of nitrogen and carbon 
dioxide (1-4: 1-0) took place. A blue solution was produced— 
this and the low production of carbon dioxide point to the fact that 
the copper plays some part in the oxidation of the formic acid. 
Water was then added, the solution boiled and filtered, the formic 
acid distilled in steam, and the copper removed as sulphide. The 
acid solution was then neutralised with barium carbonate and 
evaporated. (The author is indebted to Dr. Brady for suggesting 
this method of removing the diazonium group.) The barium salt 
was extremely soluble and could only be obtained as a viscous 
syrup. The potassium salt, prepared from the barium salt, was 
obtained as a very soluble, pale yellow, anhydrous, crystalline 
powder (yield, 10 g. from 16 g. of the diazonium compound) (Found : 
K, 15-2. C,H,O;NSK requires K, 15-3%). 

The sulphony] chloride was obtained, by the action of phosphorus 
pentachloride on the above salt, as a pale brown oil which would 
not crystallise. 

4-Nitrotoluene-3-sulphinic Acid.—The sulphonyl chloride was 
treated with sodium sulphite and caustic soda in the way previously 
described for the preparation of 4-nitrotoluene-2-sulphinic acid. 
The reaction was difficult to control satisfactorily. The dark 
brown solution was filtered from tar, diluted to 200 c.c., acidified, 
filtered hot through a wet filter, cooled, and treated with ferric 
chloride, and the sparingly soluble ferric salt was collected. This 
was converted into the ammonium salt, and the solution evaporated 
to small bulk and acidified; the sulphinic acid then separated as 
an oil, which formed colourless crystals, m. p. 112—113°, on scratch- 
ing (yield, 1-5 g.) (Equiv. : found, 202; calc., 201). 

3-Chloromercuri-4-nitrotoluene.—The sulphinic acid reacted readily 
with mercuric chloride in boiling 50% alcohol. The solid obtained 
was filtered off, washed, and extracted with hot acetone, almost 
all of it dissolving. The solution was boiled with charcoal and 
allowed to crystallise, 3-chloromercurt-4-nitrotoluene separating as 
a felty pad of very small, colourless needles, m. p. 226—227° (corr.). 
This compound does not crystallise so beautifully as its isomeride 
and is identical in appearance with the crude mercuration product. 
Crystallisation from acetic acid did not alter its melting point 
(Found: Hg, 54:4%). On treatment with bromine in potassium 
bromide solution this compound furnished pure 3-bromo-4-nitro- 
toluene, m. p. 36°. 


a aC 
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Mercuration of m-Nitrotoluene. 


m-Nitr oluene (m. p. 15-5°; purified by freezing) (500 g.) was 
heated with mercuric acetate (125 g.), with occasional shaking, at 
120—130° for 1 hour and then at 130—140° for 12 hours until a test 
portion of the mixture no longer gave a precipitate of mercuric 
oxide when treated with cold sodium hydroxide solution. When 
cold, the liquid was filtered from 9 g. of solid matter and poured 
into 6 litres of ether; about 10 g. of polymercurated nitrotoluenes 
then separated. The ether was distilled and the residual m-nitro- 
toluene solution was treated with brine and distilled in steam. 
When about half of the excess of nitrotoluene had been removed a 
large amount of solid (82 g.) separated and distillation became 
difficult. The remaining nitrotoluene was therefore decanted and 
again distilled in steam until the separation of more solid made 
distillation impossible. The combined solids were boiled with 
water until free from occluded nitrotoluene. The crude product 
(105 g.) was found by analysis to consist only of monochloro- 
mercurinitrotoluenes. 

The aqueous solution in the distillation flask contained mercuric 
salts equivalent to 5 g. of mercuric acetate. 

5-Chloromercuri-3-nitrotoluene.—The crude chloromercuri-m-nitro- 
toluenes were boiled with 300 c.c. of acetone for 4 hour, and the 
mixture filtered hot. The insoluble portion (20 g.) was extracted 
with hot acetone (three lots of 200 c.c. each). 5-Chloromercuri- 
3-nitrotoluene remained undissolved ; it melted at 294° (corr.), even 
after recrystallisation from glacial acetic acid. It crystallised in 
colourless, feathery needles (Found: Hg, 53-3. C,H,O,NCIHg 
requires Hg, 53-9%). 

When treated with bromine in carbon tetrachloride or potassium 
bromide solution, the compound gave a theoretical yield of bromo- 
nitrotoluene, m. p. 80—81-5°, which crystallised from methyl 
alcohol in pale yellow needles, m. p. 83-5—-84-5° (corr.). 5-Bromo- 
3-nitrotoluene, which has the highest melting point of all the known 
bromo-m-nitrotoluenes, melts at 81-4—81-8° (Nevile and Winther, 
Ber., 1880, 13, 969). 

4-Chloromercuri-3-nitrotoluene.—The acetone extracts obtained 
above, on cooling, deposited a mixture containing small clusters of 
well-defined crystals. These were separated mechanically and 
crystallised from acetone until the m. p. remained constant. 
4-Chloromercuri-3-nitrotoluene was thus obtained in clusters of pale 
yellow needles resembling mimosa flowers, m. p. 210° (corr. ; sintering 
at 207°). 

The substance obtained by treating this compound with bromine 
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in potassium bromide solution (yield, quantitative) melted at 
32—33° and on crystallisation from methyl alcohol furnished 
4-bromo-3-nitrotoluene, m. p. 35°, identical with a specimen obtained 
from 3-nitro-p-toluidine (compare Beilstein and Kuhlberg, Annalen, 
1871, 158, 344; Nevile and Winther, loc. cit.; Claus, J. pr. Chem., 
1892, 46, 25). 

Presence of 6-Chloromercuri-3-nitrotoluene.—The remainder of the 
chloromercuri-m-nitrotoluenes was converted quantitatively into 
a mixture of bromonitrotoluenes by means of bromine in potassium 
bromide solution. This mixture was reduced to the corresponding 
amino-compounds by warming it on a water-bath with three times 
its weight of hydrated stannous chloride in concentrated hydro- 
chloric acid for 24 hours. The solution was then almost neutralised 
with sodium hydroxide solution, and an excess of sodium acetate 
added. The weakly acid solution on distillation with steam furnished 
a mixture of bromotoluidines which could not be crystallised. The 
residue in the distillation flask was made alkaline with sodium 
hydroxide and distilled with steam; the oil in the distillate rapidly 
solidified and after being dried on tile it crystallised from 50% 
alcohol in colourless plates, m. p. 79-5—80° (corr.). Since all the 
other known bromo-m-toluidines melt below 40°, the substance must 
be 6-bromo-m-toluidine (compare Scheufelen, Annalen, 1885, 231, 
180, who gives the m. p. as 78°). Thus 6-chloromercuri-3-nitro- 
toluene was present in the product of mercuration of m-nitrotoluene. 

The remaining bromotoluidines were acetylated and the mixture 
obtained was recrystallised several times from alcohol, but only a 
small quantity of 4-bromoaceto-m-toluidide, m. p. 164°, could be 
isolated. 


The author wishes to express his thanks to Professor J. N. Collie 
for the facilities afforded him, and also to the Trustees of the 
Ramsay Memorial Trust for the grant of a fellowship. 
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CCCCXXXV.—Studies in Optical Superposition. Part 
VII. The Bornyl Dimethoxysuccinates. 


By Tuomas Stewart Parrerson, James Davipson Futon, and 
JEAN McWaters Sempte (Mrs. I. F. MacCuttocn). 


In previous parts of this investigation (see J., 1924, 125, 2579), 
attempts have been made to test the validity of van ’t Hoff’s 
principle of optical superposition by the only method which, as far 
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as can be seen at present, may be expected to give the least equivocal 
results.* 

As a further test of the validity of van *t Hoff’s assumption, we 
have prepared the borny] esters of d-, /-, and meso-dimethoxysuccinic 
acid with the object of comparing the mean value of the specific 
rotations for the former two substances with the specific rotation 
found for the third. If the principle holds accurately, these values 
should always be identical. Nevertheless it ought to be noted that 
even a complete agreement is not necessarily a proof of the validity 
of the principle. As has been shown already (J., 1915, 107, 145), 
it would be possible, even in the event of complete agreement, for 
the so-called principle to be violated. 

Bornyl |-dimethoxysuccinate was prepared by passing dry hydrogen 
chloride into a mixture of 10 g. of methyl /-dimethoxysuccinate 
(m. p. 51°; obtained by Patterson and Patterson’s method, J., 1915, 
107, 142) with 60 g. of borneol for 1 hour at the ordinary temperature, 
partial liquefaction taking place (compare Patterson and Dickinson, 
J., 1901, 79, 280), and then for 24 hours at 100°. In the operation, 
sublimation of the borneol causes difficulty. The product was 
distilled under reduced pressure after removal of excess borneol at a 
lower temperature. The fraction, b. p. about 265°/15 mm., 
consisted of 6 g. of fairly pure ester, readily soluble in organic 
solvents. The ester, after four crystallisations from 75% aqueous 
alcohol, had m. p. 70° and «}* (100 mm.) constant at —2-28° 
(Found : C, 69-1; H, 9-4. C,,H,.0, requires C, 69-3; H, 9-3%). 

Bornyl d-dimethoxysuccinate was prepared and purified in a similar 
manner. The m. p. rose from 100° to 103° after four crystallisations 
from aqueous alcohol and «}* (100 mm.) became constant at 
+ 11-4°. The ester is easily soluble in the common organic solvents 
(Found : C, 69-2; H, 9-3%). 

Bornyl i-dimethoxysuccinate was prepared from i-dimethoxy- 
succinic acid (m. p. 162°), which was obtained by hydrolysis of the 
methyl ester. The acid (10 g.) was mixed with 60 g. of borneol and 
the same procedure followed as before. This ester is much less 
soluble than the other two in alcohol, but is readily soluble in most 
common organic solvents. After seven crystallisations from 
aqueous alcohol the m. p. was 114° and [«}??* +44-79° (c = 0-855} 
(Found : C, 69-5; H, 9-4%). 

These esters were examined, not in the homogeneous condition on 


* Hudson also (J. Amer. Chem. Soc., 1924, 46, 462, 979, 2591; 1925, 47, 
265, 537, 873, 2052; and other papers) has been carrying out work which 
involves this principle. Since it seems to us, however, that the criticism of 
Hudson’s work which was made in Part VI (loc. cit.) applies in a similar 
manner to his later work, we shall not again refer to it here. 
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account of their rather high melting points, but at similar concentra- 
tion in five different solvents, for three colours of light and over a 
range of temperature. The experimental data will be found at the 
end of the paper. Table I summarises the results with regard to 
the main point under investigation. 


TaBxeE I. 
Specific rotation of bornyl esters of dimethoxysuccinic acids. 
IV. 
II. III. Mean of A 


1 é 
d-Ester. l-Ester. 1-Ester. I and II. IV—III. 


Solvent. $. C. 
pS err en 0° 45 #£131-0° —87-9° 44-7° 46°55° 1-85° 
20 126-0 —35°3 43-5 45-35 1-85 
i ee 0 5 141-3 —559 37-1 42-7 56 
20 1345 —526 36-5 40°95 4:45 
SE ree 20 5 127-4 — 46-5 39-2 40-95 1-75 
5 


128-6 —281 50-65 50:25 —0-4 
121-8 —26-45 48-0 47-7 —03 


Ethylene di- 
bromide ......... 20 7 130-9 —26-2 49-2 52-35 3-15 


If the hypothesis of van *t Hoff regarding optical superposition 
be correct, the mean of the rotations of the d- and /-forms should 
have the same value as that of the ester of the i-acid. It will be 
seen that this is nearly so in this series of compounds. Nevertheless 
the following points are to be noticed : 

(1) That in each solvent for which observations are quoted for two 
temperatures the differences are in the same sense, which would 
seem to show that the differences are not due to experimental error. 

(2) That the differences are not the same in the various solvents 
used seems also to favour the view that our results are not due to 
any constant error such as impurity of one or more of the esters 
used, but are really due to invalidity of the principle. 

(3) The effect of change of temperature upon these differences 
seems to us to be significant. Table II shows the data for these 
three esters dissolved in chloroform and in alcohol, values in the 
latter case being taken from smoothed temperature-rotation curves. 


TABLE II. 
Variation of A with change of temperature. 
ae 0 22 44-8 
In chloroform) oro. scsscse. 0-40 —028 +0-36 
| ot SOLE Sk 0 20 40 60 
In aleohol { 4 Set AAAI INNI 18 16 1-2 03 


In chloroform, the difference which at first was negative became 
less so as the temperature increased and changed into a positive 
value at higher temperatures. The difference in the case of alcohol 
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diminished gradually as the temperature rose. It thus appears 
that in chloroform one could realise a condition of affairs in which 
the difference would be zero and van ’t Hoff’s principle would hold 
completely in these particular circumstances. Although this 
temperature is not actually reached in alcohol, it also might be 
realised. The fact that the differences observed in experiments 
such as ours is dependent upon the temperature in this way seems 
to us to indicate that van ’t Hoff’s supposition cannot be regarded 
as a general principle, especially since, although in some cases such 
as those presently recorded the agreement of the experimental data 
with the requirements of the principle is close, in other cases, e.g., 
the secondary octy] esters of the tartaric acids (J., 1924, 125, 1476) 
and their menthylamine salts (ibid., 1915, 107, 142), the difference 
is very considerable. 

[Note added, 11th October, 1926.] Some time after this paper 
had been sent in for publication Professor A. McKenzie directed 
our attention to the fact that commercial borneol was liable to 
contain l-isoborneol, and this we found in the sample we had used. 
Its rotation had been determined for various colours of light, but 
the fact that this was too low had been overlooked. Therefore, 
as a crucial test of the purity of the esters at this late stage, we 
decided to recover the borneol by hydrolysis from the specimens 
we still had left, but as we had only a small quantity of each (about 
0-4 g.), we mixed together * approximately that amount of each 
ester and hydrolysed the mixture with alcoholic potash. After 
neutralisation, the borneol was extracted with ether, the solution 
dried with potassium carbonate, and the ether distilled off. The 
addition of a few drops of alcohol and water brought about the 
separation of the borneol. This was filtered off and dried. The 
melting point of the substance thus obtained, without recrystallis- 
ation, was 205° (uncorr.) and 208-7° (corr.). Its rotation was 
examined in alcoholic solution at 19-5° in a 100 mm. tube (c = 12-268). 


A 5892 5792 5461 4358 
D. Hgy. Hg,. Hgy. 
a +4-62° 4-75° 5-475° 9-34° 
[a] 37-7° 38-7° 44-6° 76-1° 


Haller (Ann. Chim. Phys., 1892, 27, 394) gives for alcohol (c = 
15-4, ¢ = 10—15°), [«]p = + 37:33°. Pickard and Littlebury (J., 
1907, 91, 1978) give + 37-08° and + 37-03° for solutions in alcohol 
of about the same concentration. 

It appears, therefore, that the borneol recovered from these 


* The total quantity of Lorneoi recovered was just over 0-6 g. Had each ester 
been hydrolysed separately, the quantity of borneol obtained from each would, 
we were afraid, have been too small for accurate polarimetric measurement. 


10 5R 
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esters was quite pure and this seems to be very sound evidence that 
the esters themselves were pure. 

We also recovered the d-bornyl J-dimethoxysuccinate from 
its solutions in pyridine and ethylene bromide, which had been used 
in the polarimetric experiments, and separated the borneol as above. 
Only 0-2822 g. was obtained which had m. p. 202—203° and gave 
ai, = + 2-44°, whence [«]i§, = 43-3°. Considering the small- 
ness of the quantity at our disposal and that it could not be purified, 
this value agrees as closely as could be expected with the other. 

For still further confirmation, we prepared a fresh specimen 
of d-bornyl d-dimethoxysuccinate from d-dimethoxysuccinic acid 
and d-borneol purified by boiling in benzene solution with zinc 
chloride (Pickard and Littlebury, loc. cit.), the rotation having thus 
been raised from [a];4¢, = 34:28° to [a]544, = 43°49° (c = 12-268 
in alcohol). After crystallisation from aqueous alcohol, this 
melted at 104° and had, in benzene solution, «2%, (154-1 mm.) = + 
9-79°, whence [«]#{,, = + 128-07°, the value previously found 
being 127-42°. 

Further, /-bornyl i-dimethoxysuccinate was prepared afresh 
from methyl] i-dimethoxysuccinate and natural /-borneol of «54,, = 
— 43-04° (c = 12-268 in alcohol). After one crystallisation from 
aqueous alcohol, the ester softened at 105° and melted at 113— 


114°. In benzene (c = 5), «2%,, (154-1 mm.) = — 2-97°, whence 
[a] = — 39-0°, the value previously found being — 39-2°. 


It seems clear, therefore, that the processes of purification to 
which our original preparations had been subjected had eliminated 
the influence of any /-isoborneol present in the borneol used. 


EXPERIMENTAL. 


The solvents were all carefully purified before use. 

The wave-lengths of the light used were 5790-3, 5460-7, and 
4358-3 and, to save space, are denoted throughout by the letters 
y, 7, and v, respectively. 

The solutions of the three esters were prepared as nearly as possible 
of the same strength, and were examined under similar conditions. 


Borny] d-dimethoxysuccinate in Bornyl d-dimethoxysuccinate in 


ethylene dibromide. chloroform. 
Densities det. : 2-0963/12-3°, 2-0475/ Densities det. : 1-4649/13°, 1-4449/ 
37°, 2:0058/57-1°, 1-9725/74-6°, 25°, 1-4110/43-4°. p = 3-4310. 
1-9231/98-5°. p = 3-3518. 
t. ay. ag ay. t. ay. ag. ay 
20° 12-27° 14-07° 23-18° 0° 8-76° 10-11° 16-66° 
45-5 11:32 12:99 21-31 22 8-24 934 15-34 
73 10-59 11-94 19-17 44-7 7-68 8-78 14-40 


99-7 9-74 11-07 17-37 
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Bornyl d-dimethoxysuccinate in 
benzene. 


Densities det. : 0-8947/10°, 0-8714/ 


32°, 0-8470/58°. p = 5-6115 

t. ay- Qg- ay- 
20° 8-34° 9-74° 16-27° 
39-2 7-93 9-21 15-22 
57 7:67 8-78 14-38 


Bornyl d-dimethoxysuccinate in 
pyridine. 


Densities det. : 0-9908/14°, 0-9738/ 


31-6°, 0-9553/50-3°. p = 5-0458. 
t. ay- ag. dy. 
0° 9-56° 11-:03° 18-01° 
20 9-04 10-20 16-92 
44-2 8-47 9-52 15-68 


Borny] /-dimethoxysuccinate in 


chloroform. 
Densities det. : 1-4585/17-8°, 1-4378/ 
30°, 1- 4120/44°. p= 3: -4315. 
t. ay. Og. ay. 
0° —1-86° —2-21° —3-30° 
22 1-67 2-03 3:07 
44-7 1-60 1-93 2-80 


Borny] /-dimethoxysuccinate in 
alcohol. 


Densities det. : 0-8099/14-7°, 0-8006/ 
26-7°, 0-7887/40-6°, 0-7767/53-7°. 


p = 5-5874. 
é. ay. ag. dy. 
0° —2-19° —2-68° —4-16° 
20 2-00 2-45 3-87 
39-4 1-83 2-25 3°51 
55 1-69 2-09 3:27 


Bornyl i-dimethoxysuccinate in 
ethylene dibromide. 


Densities det. : 2-0922/13°, 2-0503/ 
33-7°, 2- -0057/56- “7°, 1-9680 yl 5°, 


1-9188/98-5°. p = 3-338 

t. Aye ag. ay- 
20° 4-72° 5-26° 8-95° 
43-7 4-4] 4-95 8-51 
73 4-09 4-59 8-03 
99 3-86 4:37 7-41 
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Bornyl! d-dimethoxysuccinate in 
alcohol. 


Densities det. : 0-8088/12-2°, 0-7892/ 
36°, 0: 7808 /45- 5°, O- -7698/58°. 


p = §-5774. 
g. ay. Qg- dy. 
0° 8-13° 9-22° 15-15° 
20 7-65 8-69 14-35 
38:8 7°23 8-17 13-55 
54 6-86 7:77 12-91 


Borny] /-dimethoxysuccinate in 
ethylene dibromide. 


Densities det. : 2-0980/11°, 2-0481/ 
37°, 1-9982/61-5°, 1-9668/78°, 


1:9241/98°. p = 3-3511. 
t. ay. Oge Ay. 
20° —2-49° —2-82° —4-31° 
44-3 2-27 2°57 3°83 
73:8 1-95 2-22 3°23 
99-5 1-69 1-98 2-66 


Bornyl /-dimethoxysuccinate in 
benzene. 


Densities det. : 0-8814/24°, 0-8669/ 


38°2°, 0: -8463/57- ‘7°. p= 56116. 
t. ay. ag. ay. 
20° —3-08° —3-48° —5-64° 
38-7 2-89 3°25 5-25 
56-5 2-70 3°05 4-95 


Borny] /-dimethoxysuccinate in 
pyridine. 


Densities det. : 0-9892/15°, 0-9724/ 


32-5°, 0- 9551/50°. p = 5-0482. 
t. ay- ag. dy. 
0° —3-79° —4-36° —6-85° 
20 3°53 4-03 6-31 
45-5 3°17 3-59 5-65 


Borny] 1-dimethoxysuccinate in 
chloroform. 


Densities det. : 1-4590/17°, 1: Pg 


32°, 1-4116/44°. p= 9-4 

t. ay- ag. ady- 
0° 3°52° 3-98° 6-63° 

22 3°23 3-69 6-15 

44-8 3°10 3-40 5-80 
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Borny] i-dimethoxysuccinate in Bornyl i-dimethoxysuccinate in 


benzene. alcohol. 
Densities det. : 0-8859/20-5°, 0-8663/ Densities det. : 0-8037/17-6°, 0-7916/ 
39-1°, 0-8496/55°. p = 5-5854. 31-8°, 0-7800/45-5°, 0-7689/58°. 
p = 5-5830. 

t. ay- dg. Gy. t. ay. Qg- ay. 

20° 2-69° 2-99° 4-98° 0° 2-84° 3-15° 5-38° 

39 2-54 2-87 4-84 20 2-70 3-00 5-08 

56 2-46 2-79 4-72 38-5 2-55 2-89 4-82 
54:2 2-41 2-80 4-61 


Borny] i-dimethoxysuccinate in pyridine. 
Densities det. : 0-9883/15-7°, 0-9703/34-5°, 0-9522/52-3°.  p = 5-0453. 
t 


. ay- ag. ay- 
0° 2-53° 2-89° 4:76° 
20 2-45 2-79 4-63 
44-6 2-30 2-64 4-45 


Our thanks are due to the Carnegie Trustees for the Universities 
of Scotland for grants which partly defrayed the expenses of this 
investigation. 
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CCCCXXXVI.—The Decomposition of Substituted 
Carbamyl Chlorides by Hydroxy-compounds. 
Part III. The Influence of Substituent Groups. 


By Tupor WILLIAMS PRICE. 


THE reaction between phenylmethylcarbamyl chloride and ethyl 
alcohol at various temperatures has already been studied (J., 1924, 
125, 115). An account is now given of the reaction between ethyl 
alcohol and other substituted carbamyl chlorides at 100°. 

Materials ——All the substituted carbamyl chlorides used, with 
the exception of the diphenyl compound, which was obtained from 
Kahlbaum, were prepared by passing carbonyl chloride through a 
benzene solution of the requisite secondary amine. After removal 
of any unchanged amine and of hydrogen chloride and benzene, 
the product was purified by several distillations under reduced 
pressure, if a liquid, or by repeated crystallisation from light 
petroleum, if a solid. 

Phenyl-n-propylearbamyl chloride was prepared by passing 
carbonyl chloride into a solution of n-propylaniline (30 g.) in benzene 
(150 c.c.), cooled by ice-cold water, until the solution was saturated. 
The solution, which now contained n-propylaniline hydrochloride in 
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suspension, was washed with water, dried, and evaporated, leaving 
13 g. of crude phenyl-n-propylcarbamyl chloride. This crystallised 
from light petroleum in colourless, short prisms (6 g.), m. p. 45-5— 
46°. The compound has a penetrating but not unpleasant odour 
and is easily soluble in alcohol, ether, chloroform, benzene, ethyl 
acetate, or acetone, but insoluble in water (Found: Cl, 17°8. 
C19H,,ONCI requires Cl, 18-0%). 

Phenylisopropylearbamyl chloride, similarly prepared from iso- 
propylaniline, crystallised from light petroleum in colourless prisms, 
m. p. 90—90-5°. It is very soluble in alcohol, ether, chloroform, 
benzene, or acetone, but insoluble in water, and has a penetrating 
odour similar to that of the n-propyl compound (Found: Cl, 
17-9%). 

Phenyl-n-butylearbamyl chloride, obtained from n-butylaniline, 
is a pungent, colourless liquid, b. p. 165—166°/20 mm., miscible 
in all proportions with alcohol, ether, benzene, and other organic 
solvents, but insoluble in water (Found: Cl, 16-7. C,,H,,ONCI 
requires Cl, 16-8%). 

Phenylisobutylcarbamyl chloride, b. p. 149—151°/19 mm., resembles 
the n-butyl compound in its physical properties (Found: Cl, 
16-6%). 

Phenylisoamylcarbamyl chloride, obtained from isoamylaniline, 
is a colourless liquid, b. p. 153—153-5°/10 mm., with a strong, 
sweet odour; it is miscible in all proportions with alcohol, ether, 
benzene, or acetone, but insoluble in water (Found: Cl, 15-7. 
C,.H, -ONCI requires Cl, 15-7%). 

o-Tolylethylcarbamyl chloride was prepared from ethyl-o-toluidine 
and repeatedly crystallised from light petroleum. The colourless, 
short prisms, m. p. 36-5—37°, obtained were easily soluble in alcohol, 
ether, benzene, or chloroform, but insoluble in water, and had a 
sweet odour (Found: Cl, 17-9. C,)H,,ONCI requires Cl, 18-0%). 


The Reactions between Ethyl Alcohol and the Substituted Carbamyl 
Chlorides. 


The ethyl alcohol was commercial absolute alcohol which had 
been treated twice at the boiling point with fresh calcium turnings 
(1-0 and 0-5% by weight) and fractionated. It distilled sharply 
at 78-6°. 

The method of working was that described in Part I, section C 
(loc. cit., p. 118), and the velocity coefficient of the reaction was 
calculated in each case from a knowledge of the amount of unchanged 
carbamy] chloride left in the system at any given time by means of 
the expression k = 1/(t, — t,). log. {(a — x,)/(a — %)}, where t, 
is 5 minutes after insertion of the tube into the bath kept at 100°. 

5 R* 
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In each experiment, a weight of carbamyl chloride equivalent to 
25 c.c. of N/10-solution was dissolved in 5 c.c. of absolute alcohol. 

Results —In Table I, where the results for phenylethyl- and 
phenyl-n-propyl-carbamy] chloride are given in detail, the first 
column gives the duration of heating in minutes (t), the second the 
amount of hydrogen chloride present, expressed as c.c. of N/10- 
solution (b), and the third the amount of hydrogen chloride plus 
carbamy] chloride present, expressed as c.c. of N/10-solution (c). 
The fourth column gives the amount of carbamy] chloride present, 
also expressed as c.c. of N/10-solution (d) and obtained by sub- 
tracting the figures in column 2 from those in column 3. The 
fifth column gives the velocity coefficient for the reaction, calculated 
from the figures in column 4. 

The whole of the results are summarised in Table IT. 


TaBLE I. 
Phenylethylearbamyl chloride. Phenyl-n-propylearbamy] chloride. 
t. b. é d. k. t. 6. c. d. k. 
5 65-11 24:77 19-66 a 5 403 2484 20-81 — 
10 10-30 24-48 14-18 0-0655 8 6-92 24:79 17-87 0-0508 


15 13-61° 24:05 10-44 0-0633 10 859 2448 15:89 0-0540 
20 15:74 23-33 7:59 00-0634 13. 10-62 24-23 13-61 0-0531 
25 16:76 22-49 5-73 0-0617 15 11-83 24:10 12:27 0-0528 
30 17:25 21-47 4:22 0-0617 20 13:98 23-53 9-55 0-0519 
35 17-45 20-45 3-00 0-0627 25 15:40 22-56 7-16 0-0534 


Mean 0-0631 Mean 0-0527 
TaBLe II. 
Carbamy] chloride. Limits of k. Mean k. 
Phenyl-methy] ..........ccccccccssesccees 0-0437 —0-0417 0-0427 
ib: 1EIEND: dandbdsaliconcbarngesesassiwnss 0-0655 —0-0617 0-0631 
is jv RI. \icsaeannaicempintnariiancinnt 0-0549 —0-0508 0:0527 
sid) EEE Giovactascacsancodvasssee 0-223 —0-210 0-215 
sg) TNE sdhn cect eosscnedneessoues 0-0550 —0-0540 0-0545 
cae | MGM cccbachoersbdessnsicessaes 0:0297 —0-0280 0-0290 
Soh HMMM Ew etscvenscescescietsccades 0-0422 —0-0403 0-0414 
Se EEE: sccpcbadeotartserassesetoes 0-0217 —0-0209 0-0214 
PE. rpitederivernscrevscnncecenirion 0-00128—0-00115 0-00123 
GONEIEID sdsccovecsesoccesevecsasstiain 0-0396 —0-0362 0-0376 


The experiments with phenylmethyl-, phenylethyl-, phenyl-n- 
propyl-, and phenyl-n-butyl-carbamyl chloride were repeated with 
the following results for the respective mean velocity coefficients : 
0-0430, 0-0635, 0-0529, 0-0550. 

The results in Table II show that so far as the compounds con- 
taining a straight-chain alkyl radical are concerned, the reactivity 
of the carbamyl chloride with ethyl alcohol, as measured by the 
ease with which the chlorine atom is removed, does not vary regu- 
larly with the weight of the alkyl radical. The order of reactivity 
(denoting the compound by the alkyl radical which is attached to 
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the nitrogen atom) is ethyl>n-butyl>n-propyl>methyl, a pro- 
nounced alternation in the value of the velocity coefficient being 
observed. This behaviour is not exceptional, having been found 
with other homologous series. Thus Crocker (J., 1907, 91, 593), 
in the hydrolysis of aliphatic amides by hydrochloric acid, found an 
alternation in the bimolecular velocity coefficient in passing from 
formamide to butyramide. Crocker and Lowe, however (ibid., 
p. 952), found no corresponding alternation when the same amides 
were hydrolysed by alkalis, the velocity coefficient decreasing as 
the weight of the alkyl radical increased. Clarke (J., 1910, 97, 416) 
found an alternation in the reactivity of bromoacetic esters with 
pyridine in alcoholic solution, the bimolecular velocity coefficients 
being in the order ethyl>methyl>n-butyl>n-propy] ester. 

For the branched-chain compounds a similar alternation is 
found, the reactivity being in the order tsopropyl>isoamyl> 
isobutyl. The value of the velocity coefficient for the pheny]- 
isopropyl compound is exceptionally high and is probably connected 
with the fact that this is the only compound examined in this series 
in which nitrogen is attached to a >CH- group. 

The replacement of the methyl group in phenylmethylcarbamyl 
chloride by a phenyl group decreases the reactivity considerably, 
causing the diphenyl compound to be the least reactive of all those 
examined. The introduction of a phenyl group into the alkyl 
chain also lowers the reactivity, as shown by the figures for the 
velocity coefficients of phenylmethyl- and phenylbenzyl-carbamy] 
chlorides. The replacement of the phenyl group by the o-tolyi 
group decreases the reactivity, as shown by a comparison between 
the figures for the phenylethyl and o-tolylethyl compounds. 


The author wishes to thank the Chemical Society for a grant from 
the Research Fund which has partly defrayed the cost of this 
investigation. 
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CCCCXXXVII.—The Formation and Stability of Associ- 
ated Alicyclic Systems. Part III. The Change 
from “* Meta-” to “ Para-” Bridged Rings. 

By ErRnEsT HarotD FarMeER and Jou“n Ross. 
By addition of esters to 1-methyl-A!-cyclohexen-3-one products of 


three types have been obtained. With ethyl sodiomalonate, the 
ketone yielded the ester (I) (Farmer and Ross, J., 1925, 127, 2358), 
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with ethyl sodioacetoacetate the dicyclic ester (II) (Rabe, Ber., 1904, 
37, 1671), and with methyl cyanoacetate and piperidine the ester 
(III) (Farmer and Ross, this vol., p. 1570). Evidence concerning 


H,],CO,Et CH,-CMe—CH-CO, Et yy a 
Me-CH,-CO,Et CH, CH, CO » C:C(CN)-CO,Me 
CH,-CO,Et CH,-C(OH)-CH, ie. H, 

(I.) (II.) (It) 


the formation of (I) by successive stages of addition, “ para-” 
bridging, and fission has been recorded in Part II of this series 
(loc. cit.). Thus not only is the type of ester addition to a A}-cyclo- 
hexenone determined by the mode of ore out the reaction, but 
the subsequent formation of ‘“ meta-” “ para-” bridged rings 
from ‘“ Michael” addition products cae appear to be controlled 
by the specific reactivity of the addendum towards the -CH,*CO- 
group of the ketone. The tendency, probably very diverse, to the 
formation of ‘‘ meta’ and “ para ’”’ two-carbon bridges would then 
be compensated by differences in the nature of the added rings. 
On these grounds, it follows that where the addendum to the cyclo- 
hexenone ring carries specific reactants for both methylene and 
carbonyl groups, as occurs with ethyl cyanoacetate, the type of 
bridged-ring produced depends on the conditions which exist 
during the initial addition. The stability of the bridged structures 
must, owing to their greatly differing constitutions, vary enormously. 
Working on this basis, we have been able to identify the numerous 
products derived directly and indirectly by the addition of ethyl 
sodiocyanoacetate to methylcyclohexenone. 

The condensation product obtained by heating an alcoholic 
solution of the sodio-ester with the ketone gave ethyl methyl- 
cyclohexanonecyanoacetate (IV) (21% yield), and a viscous acidic 
material from which crystals of methylcyclohexenylidenecyanoacetic 
acid * (V) separated. The ester (IV) gave the corresponding acid 


Pw CH(CN):CO,R CMe 
LN 
(a 2 VH, (IV; R=Et.) CH, CH (V.) 
H, CO (VI; R=H.) CH, C—C(CN)-CO,H 
H, H, 


(VI) on hydrolysis with sodium carbonate; both yielded semi- 
carbazones. Thus the neutral conditions existing during the 
additive reaction had inhibited further cyclisation. 

* This acid represents a single geometrical form (maleinoid or fumaroid; 
m. p. 183°), whereas the ester obtained by condensation of methylcyclo- 


hexenone with ethyl cyanoacetate in the presence of piperidine is a mixture 
of both forms (acid, m. p. 149°) (Farmer and Ross, loc. cit.). 
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On short heating with hydrochloric acid, however, both ester (IV) 
and acid (VI) were quantitatively converted into a crystalline 
substance which gave an intense colour with ferric chloride and 
agreed in composition and basicity with the formulz (VII) (enolic), 
(VIII), and (IX). Of these, (VII) and (VIII), derived by “ Dieck- 


mann” and “ Thorpe” condensations, respectively, appear to be 


CH,,CMe———CH, CH,(Me——CH, (H,"(Me—CH-C0,H 


| CH-CO-NH, | | CH-CO,H| = GH, CH, GO 
60 | | NH | CHyC==N 
CH,CH———-CO___- CH, -CH CO 

(VII.) (VIII.) (IX.) 


excluded on the grounds of stability and unsuitability of the condens- 
ing agent. On the other hand, prolonged boiling with caustic alkali 
caused quantitative conversion of the crystalline substance into the 
open-chain acid (XI)—a change which is readily explicable on the 
dihydroresorcinol formula (VII) (compare Part II, loc. cit.), possible 
with (VIII), but difficult to reconcile with (IX). 


CMe-CH,-CO:NH, CMe-CH,-CO,H 
[CH,]CO,H a, a ee 
CMe-CH, CO,H <— as oy ey —> (XI) 
CH,°CO, H Sor (VIII.) ARS 
CH,-CO,H H-CO-NH, 
(XI.) (X.) (XII.) 


When hydrolysis was interrupted after proceeding for only a few 
minutes, two substances were obtained—a crystalline, nitrogenous 
acid (A) and an acidic, nitrogenous gum (B). The latter passed 
almost entirely into a crystalline, nitrogenous acid (C) on short 
heating with dilute hydrochloric acid. The two crystalline acids 
agreed in composition and basicity with the formule (X), (XII), 
(XIII), and (XIV), the last two derivable by an alternative, but less 
probable fission of (VII) and (VIII). Since neither of the acids 
gave a colour with ferric chloride, structures (X), (XII), and (XIII) 
_are excluded along with an isomeride (XV) not derivable by fission. 


CMe-CH,CO,H = CMeCH,CO,H — CMe-CH,CO-NH, 


ZN 
CH, UH-CO-NH, CH, UH-CO,H CH, UH-CO,H 
bu, Go CH, O:NH CH, CO 
4 NG, ‘fi, 

(XIII.) (XIV.) (XV.) 


The remaining improbable fission formula (XIV) is an unsuitable 
representation of either acid. The only alternative formula in 
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which the cyclohexanone ring is preserved is (XVI), and this, not 
reasonably derivable from (VII) or (VIII) by fission, adequately 
represented the properties of the acid (A). It appeared, therefore, 
that (A) must arise by fission of the dicyclic acid (IX), or some other 
associated ring compound. Concerning (IX), the production of 
ketonic tetrahydropyridine rings has been brought about by the 
action of cyanoacetic ester or cyanoacetamide on open-chain 
ketones. For example, Kohler and Souther (J. Amer. Chem. Soc., 
1922, 44, 2544, 2907), by the interaction of cyanoacetamide with 
benzylideneacetophenone, obtained the compound (XVII), which 
passed on treatment with hydrochloric or hydrobromic acid into a 
substance represented by them as (XVIII). Whilst this and similar 
substances are regarded by these authors, contrary to the opinion 
held by Knoevenagel (Ber., 1903, 36, 2813), as capable of displaying 
in full the potential tautomeric capacity expressed by the formula, 
the occurrence of fission by alkali at a nitrogen-carbon double 


CMe-CH(CO,H)-CO-NH, 


ZN 
‘H, CH, Ph-CH-CH,COPh CH=—=CPh 
be bo NC-CH-CO-NH, PhCH<¢H(cN)-co7 NH 
yA (XVI.) (XVIL.) (XVIIL.) 
H; 


bond, as in (XVIII), does not appear to have been observed. Indeed 
the main features of these substances are their formation and 
stability in the presence of halogen acids and their capacity for 
undergoing simultaneous oxidation and reduction to pyridine and 
piperidine derivatives. 

If (IX) correctly represents the structure of the dicyclic com- 
pound under consideration, hydrolytic fission at the double bond 
would lead to reversal of the intramolecular condensation and would 
account for the production of the acid A (XVI) by the use of alkali. 
Further fission would be brought about only after further intra- 
molecular condensation, and since caustic alkali is the reagent, the 
latter would probably be of the Dieckmann type, leading to (VII). 
This would pass on fission into (X) and (XIX) successively, and 
finally by prolonged hydrolysis to the open-chain tricarboxylic 
acid (XI). The intermediate compounds which escape complete 


CH,-CH,‘CH,-CO,H ——— 
(XIX.) CMe-CH,°CO,H CH,-CO H (XX.) 
bn.-CO-NE, °<¢H..co7% 


fission and hydrolysis by alkali should then be obtained in the gum 
B (above). This consisted almost entirely of a substance agreeing 
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in properties with the formula (XIX); the acid C (above), derived 
therefrom by short treatment with dilute hydrochloric acid, was 
the glutarimide (XX). (This imide could not arise from a dicyclic 
substance of formula VIII.) 

It appears certain, therefore, that change from the “ meta-” 
bridged compound (IX) to the “ para-” bridged compound (VII) 
takes place rapidly in alkaline solution. Whilst (IX), however, 
is extremely stable in acid or neutral solution, the temporary 
existence of (VII) can only be argued from the nature of its fission 
products. It is hoped to deal with further factors concerning 
“ meta ”’-bridging in a subsequent paper. 


ExPERIMENTAL. 


Condensation of Ethyl Sodiocyanoacetate with 1-Methyl-A}-cyclo- 
hexen-3-one.—The ketone (1 mol.) was added to a cold alcoholic 
suspension of ethyl sodiocyanoacetate (1 mol.), and the mixture 
heated for 16 hours on the steam-bath. The cooled product was 
poured on to ice, acidified with dilute hydrochloric acid, and extracted 
with ether. The extract was separated into neutral and acidic 
portions in the usual way. 

Ethyl 1-Methylcyclohexan-3-one-1-cyanoacetate (IV).—The neutral 
product so obtained yielded on fractionation a small amount of 
unchanged ketone, but mainly a material, b. p. 160—210°/2 mm. 
This, on refractionation, gave the pure ester as a colourless liquid, 
b. p. 197°/2 mm. (yield, 21%) (Found: C, 64:3; H, 7-8; N, 6-3. 
C,,H,,0,N requires C, 64-6; H, 7-6; N, 63%). The semicarbazone 
crystallised from aqueous alcohol in long needles, m. p. 166° (Found : 
C, 57-5; H, 7-3. C,3H. 0,N, requires C, 57-4; H, 7-15%). 

Methyl 1-methylcyclohexan-3-one-1-cyanoacetate was prepared in 
a similar way and obtained, though in poorer yield, as a viscous, 
colourless liquid, b. p. 185°/2 mm. (Found: C, 63-15; H, 7:3; 
N, 6-9. (C,,H,;0,N requires C, 63-15; H, 7:3; N, 6-7%). The 
semicarbazone crystallised from aqueous alcohol in colourless plates, 
m. p. 183° (Found: C, 53-8; H, 6-7. C,,.H,,0,N, requires C, 
54:1; H, 6-8%). 

1-Methyleyclohexenylidene-3-cyanoacetic Acid (V).—The acidic 
condensation product was a thick red syrup. Occasional scratching 
over a period of several weeks promoted partial crystallisation and 
the semi-solid mass was then ground with acetone—petroleum. The 
brownish crystals were dissolved in acetone and decolorised by 
boiling with animal charcoal. From the filtered solution the acid 
crystallised in colourless prisms, m. p. 183° with evolution of gas 
(Found : C, 67-7; H, 6-3; N, 8-1; M, 180; equiv., 179. C,9H,,0,N 
requires C, 67-7; H, 6:3; N, 7:99; M, 177). The acid gave no 
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coloration with ferric chloride and was decomposed on boiling for 
1 hour with 10% caustic potash solution into methylcyclohexenone 
(semicarbazone, m. p. 199°) and malonic acid. 

The methyl ester, obtained from the silver salt and methyl iodide, 
solidified after distillation (b. p. 165—170°/2 mm.) and crystallised 
from petroleum in large, flat, colourless prisms (m. p. 60°) which 
were found by direct comparison to be identical with one form of 
methyl methylcyclohexenylidenecyanoacetate (J., 1925, 127, 2358). 
Equilibration leading to the mixture of hexenylidene and hexadieny] 
forms (m. p.’s 74°, 60°, 42°) previously described (loc. cit.) was 
effected with sodium methoxide. The acid which separated from 
the acidic portion of the condensation product thus represented a 
single geometrical form. 

1-Methylcyclohexan-3-one-1-cyanoacetic acid was obtained from 
the corresponding esters by boiling for 2 hours with 10% sodium 
carbonate solution. Unchanged ester was removed by extraction 
with ether. By acidification and further extraction, the acid was 
obtained as a sticky mass which slowly solidified. Recrystallisation 
from chloroform—petroleum yielded colourless prisms, m. p. 106° 
(Found: C, 61:3; H, 66; N, 7-5. Cj, 9H,,0,N requires C, 61:5; 
H, 6-6; N, 7-2%). 

Propane - 1*®]J?* 4 - 6-keto-4-methyl-3 : 4 : 5 : 6-tetrahydropyridine- 
5-carboxylic Acid (IX).—Methylcyclohexanonecyanoacetic acid dis- 
solved on boiling with 15% hydrochloric acid, but within 15 minutes 
a bulky, crystalline mass of the dicyclic compound was precipitated. 
The same compound was also obtained directly from the monocyclic 
cyanoacetic ester by boiling with a mixture of equal volumes of 
hydrochloric acid, water, and alcohol for 1} hours; large, needle- 
shaped crystals separated which were freed from traces of unchanged 
ester by washing with ether. In both cases the yields were almost 
quantitative. The acid, which gave a deep purple colour with 
ferric chloride, melted at 181° after recrystallisation from ethyl 
acetate (Found: C, 61:5; H, 6-6; N, 7:5; M, cryoscopic in acetic 
acid, 196; equiv., 197. C,,>H,,0,N requires C, 61:5; H, 6-6; 
N, 7:2%; M, 195). 

Bromination. Bromine (2 mols.) and the dicyclic acid (1 mol.) 
in chloroform gave a bromo-derivative which crystallised in fine 
needles, m. p. 186°, and developed no colour with ferric chloride 
(Found: Br, 45-4. C,)H,,0,NBr, requires Br, 45-2%). 

Hydrolytic Fission of the Dicyclic Compound (IX).—(a) Complete 
fission. The dicyclic acid was boiled for 20 hours with 10% caustic 
potash solution (2 equivs.), ammonia being evolved. By extracting 
the cooled, acidified solution with ether, an oil was obtained which 
rapidly solidified (yield, almost quantitative); this, m. p. 125° 
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after recrystallisation, was identified with @-methylpimelic-8-acetic 
acid by direct comparison. 

(b) Partial fission. The acid (10 g.) was boiled for 5 minutes 
only with 10% caustic potash solution (2 equivs.). The solution 
was immediately cooled, acidified with dilute hydrochloric acid, 
and extracted with ethyl acetate. From the extract an acid syrup 
was obtained which, on slight dilution with acetone and vigorous 
scratching, partly crystallised. The crystals (acid A) were removed, 
and the acetone was evaporated from the filtrate; the residue was a 
syrup (acid B). 

1-Methylcyclohexan-3-one-1-malonamic Acid (XV1).—The acid A, 
which crystallised in stout prisms (yield, 5-8 g.), m. p. 151° with 
evolution of carbon dioxide, gave no coloration with ferric chloride. 
It reverted completely to the dicyclic acid (m. p. 181°) on boiling 
for 15 minutes with 15% hydrochloric acid. By prolonged hydrolysis 
with caustic potash, it was converted into 8-methylpimelic-f-acetic 
acid (Found: C, 55:95; H, 7:1; N, 7:0; M, monobasic, 212-5. 
C,9H,;0,N requires C, 56-3; H, 7-1; N, 66%; , 213). 

8-Methylpimelic Acid B-Acetamide (X1X).—The syrup (acid B) con- 
sisted almost entirely of this compound. It still contained a very small 
amount of the above malonamic acid (acid A), but its constitution 
follows from its basicity (dibasic), the loss of ammonia on heating it 
with caustic potash, its conversion into the corresponding imide 
(below), and the production of §-methylpimelic-f-acetic acid on 
further hydrolysis with caustic potash. 

8-Methylglutarimide-B-butyric Acid (XX)—When the syrup 
(acid B) was boiled for 1 hour with 15° hydrochloric acid, a few 
crystals of the dicyclic acid (IX), formed from the malonamic acid 
(acid A) which had escaped separation, were deposited. They were 
removed and the solution was evaporated almost to dryness on a 
steam-bath. The residue slowly deposited crystals which recryst- 
allised from ethyl acetate in colourless, flat needles, m. p. 139° 
(yield, 4 g.). This substance gave no coloration with ferric chloride 
and was unchanged on further boiling with hydrochloric acid. 
Prolonged boiling with caustic potash caused complete conversion 
into 8-methylpimelic-8-acetic acid. The constitution was confirmed 
by direct comparison with synthetically prepared $-methylglutar- 
imide-8-butyric acid (Found: C, 56-4; H,7-1; N,6-9; M, mono- 
basic, 212. C, ,H,,0,N requires C, 56:3; H, 7-1; N,6-6%; M, 213). 

Synthesis of @-Methylglutarimide-8-butyric Acid—Dry ammonia 
was bubbled through the molten anhydride of $-methylpimelic- 
B-acetic acid (Farmer and Ross, loc. cit.) at 135°. When the mass 
became very viscous and absorbed no more gas, it was cooled, 
dissolved in water, and boiled for 1 hour with 10% hydrochloric acid ; 
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the imide, which crystallised on cooling, separated from ethyl 
acetate in long, colourless prisms (Found: C, 56-25; H, 7-1; N, 
6-7%; M, monobasic, 213); these, alone or mixed with the imide 
obtained by fission (acid C), melted at 139°. 


The authors desire to express their thanks to the Government 
Grant Committee of the Royal Society for grants which have 
contributed towards the expenses of this work. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, S.W. 7. [Received, October 21st, 1926.] 


NOTES. 


p-Dimethylaminobenzylidene Pentaerythritol. By ARTHUR 
FAIRBOURNE and JAMES WILLIAM WOODLEY. 


In the course of work on partly substituted polyhydric alcohols 
(J., 1921, 119, 1035, 2077; 1925, 127, 2759) p-dimethylamino- 
benzylidene pentaerythritol was isolated, and its further condensations 
investigated. The only previously recorded synthesis of a partly 
substituted pentaerythritol of this type was effected photochemically 
(Tanasescu, Bul. Soc. Stiinte Cluj., 1923, ii, 111). 

Aldehydes usually condense with pentaerythritol to produce the 
dialkylidene compounds (Read, J., 1912, 101, 20¢0), and p-dimethy]- 
aminobenzaldehyde has itself been recorded as acting in this way 
(Raduiescu and Tanasescu, Bul. Soc. Stiinte Cluj., 1922, i, 192). 

On repeating the condensation, however, a different material 
was obtained when the crude product was crystallised from chloro- 
form, instead of from acetone as recommended. Further investig- 
ation showed that the crude product from the Radulescu reaction 
always contained both mono- and bis-dimethylaminobenzylidene 
pentaerythritoi, whatever strength of sulphuric acid between 10% 
and 60° was used, the best yield of the bis-compound being obtained 
with 10% and the best yield (almost quantitative) of the mono with 

50%. They could be separated well by fractional crystallisation. 

p-Dimethylaminobenzaldehyde and pentaerythritol in equal 
molecular proportions were thoroughly shaken with warm 50% 
sulphuric acid and after 12 hours the solution was treated with 
excess of dilute ammonia. The white precipitate obtained was 
dried on porous porcelain. Crystallisation from chloroform pro- 
duced long, white nae of p-dimethylaminobenzylidene pentaeryth- 


ritol, (CH,OH),C< CH 0CH- C,H,NMe,, m. p. 140° (decomp.), 


oe 


a a ee ee ee ee ee ee 


NOTES. 3241 


or very indefinite at about 180° if the specimen had previously been 
kept at 100° for some hours (Found: C, 62:2; H, 8-2; N, 5-4. 
C,4H2,0,N requires C, 62:9; H, 7:9; N, 5:2%). 

In view of this very indefinite melting point, the identity of the 
substance was confirmed by preparing the methiodide and com- 
paring this with the monomethiodide of bisdimethylaminobenzyl- 
idene pentaerythritol and also with that of dimethylaminobenzalde- 
hyde itself, these three methiodides being prepared by heating the 
respective amines with excess of methyl] iodide in sealed tubes for 
2 hours at 80—90°, removing the excess of methyl iodide by evapor- 
ation from a bath at 70°, and recrystallising the products from 
alcohol in the case of p-dimethylaminobenzylidene pentaerythritol 
and from ether in the other two cases. The methiodide from 
p-dimethylaminobenzylidene pentaerythritol melted and decom- 
posed at 175° (Found: I, 30-8. C,;H,,0,NI requires I, 310%), 
that from bis-p-dimethylaminobenzylidene pentaerythritol at 220° 
(Found: I, 22:8. C,,H,,0,N,I requires I, 23:0%),’and that from 
p-dimethylaminobenzaldehyde at 160° (Found : I, 43-3. Cj, >H,,ONI 
requires I, 43-6%). 

The structure of p-dimethylaminobenzylidene pentaerythritol 
was also established by condensing the compound with a second 
molecule of p-dimethylaminobenzaldehyde and identifying the 
product with bis-p-dimethylaminobenzylidene pentaerythritol by 
the method of mixed melting point. 

Attempts to prepare “‘ mixed ”’ spirans by condensing p-dimethyl- 
aminobenzylidene pentaerythritol with a molecule of a different 
aldehyde, e.g., benzaldehyde or cinnamaldehyde, led to the elimin- 
ation of the p-dimethylaminobenzylidene radical and the formation 
of spirans, CHR< 5 cH? >C<GH".Q>CHR, identical (proved 
by the melting points of mixtures) with those obtained by direct 


condensation of the respective aldehydes with free pentaerythritol, 
thus indicating that aldehydic condensations of pentaerythritol are 
reversible (equilibrium) reactions. 


The authors desire to express their indebtedness to the Chemical 
Society for a grant to one of them (A. F.) which has partly defrayed 
expenses incurred in this work.—K1Nne’s CuLLEGE, Lonpon, W.C. 2. 
[Received, July 15th, 1926.] 


5-Methoxy-«-naphthaldehyde. By JoHN BaLDwrin SHOESMITH and 
Hannes RvBLI. 


5-METHOXY-a-NAPHTHALDEHYDE has been prepared by the catalytic 
reduction of 5-methoxy-«-naphthoyl chloride as follows: «-Naph- 
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thylamine-5-sulphonic acid was converted into 1-cyanonaphthalene- 
5-sulphonic acid by the method of Royle and Schedler (J., 1923, 
123, 1643) and then, by the addition of the calculated quantity of 
potassium carbonate, into the corresponding potassium salt, which 
(25 g. in small quantities at a time) was slowly added to a vigorously 
stirred, fused mixture of 250 g. of sodium hydroxide and 50 g. of 
water at a temperature which was allowed to rise slowly from 180° 
to 230° (compare D.R.-P. 413836). The mass, which finally became 
solid, was cooled and 5-hydroxy-a-naphthoic acid was liberated 
from an aqueous solution of it by addition of concentrated hydro- 
chloric acid; after recrystallisation from dilute alcohol the acid 
melted at 235°. The acid (20 g.), dissolved in a solution of 15 g. 
of potassium hydroxide in 280 c.c. of water, was vigorously stirred 
with 15 g. of methyl sulphate at 40° for about 1 hour, and the 
alkaline solution was filtered and acidified. The 5-methoxy-c- 
naphthoic acid so precipitated was obtained free from the correspond- 
ing hydroxy-acid by allowing it to stand in an alkaline solution of 
diazotised sulphanilic acid for a day, after which the solution was 
acidified and the precipitate was dried carefully and extracted with 
dry benzene. The methoxy-acid of m. p. 228° (compare Fuson, 
J. Amer. Chem. Soc., 1924, 46, 2787) had to be quite free from the 
hydroxy-acid before conversion into the acid chloride. The acid 
was dissolved in the calculated quantity of 20% alcoholic potassium 
hydroxide, and the solution evaporated to dryness. The dried 
potassium salt (10 g.) was added to a large excess of vigorously 
stirred thionyl chloride (18 c.c.) in dry benzene (18 c.c.). The whole 
was finally heated on the water-bath for about 5 minutes, cooled, 
and filtered from precipitated potassium chloride and acid, and 
the benzene and thionyl chloride were evaporated under reduced 
pressure. The residual 5-methoxy-a-naphthoyl chloride was distilled 
under reduced pressure. It had b. p. 194°/11 mm., and m. p. 80—81° 
(Found: Cl, 15-7. C,,H,OCI requires Cl, 16-1%). 

5-Methoxy-«-naphthaldehyde-—5-Methoxy-«-naphthoyl chloride 
(5 g.) in xylene (25 c.c.) in contact with palladinised barium sulphate 
was reduced by a current of dry hydrogen for 4 hours, the temper- 
ature of the bath being 170° (compare Rosenmund, Ber., 1918, 51, 
591). The aldehyde was separated in the usual manner as the 
bisulphite compound. It crystallised from light petroleum in light 
yellow plates, m. p. 66° (Found: C, 77-45; H, 5-5. C,H 90, 
requires C, 77-45; H, 54%). The p-nitrophenylhydrazone forms 
red needles, m. p. 246°, from dilute acetic acid, the semicarbazone 
fine needles, m. p. 246°, from dilute acetic acid, and the oxime 
needles, m. p. 104°, from water or aqueous alcohol. 

a-Naphthol, 6-naphthol, and their methyl ethers were submitted 
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to the action of hydrogen in a similar manner, but no change was 
observed. 


The authors wish to acknowledge a grant from the Research 
Fund of the Chemical Society.—EprnpurcH University. [Re- 
ceived, November 12th, 1926.] 


Some New Organo-tin Compounds. By KENNETH KwnicutT Law. 


Many unsuccessful attempts have been made to improve the yield 
of tribenzylstannic chloride in the method used by Smith and 
Kipping (J., 1912, 101, 2557); with all proportions of magnesium 
benzyl chloride between 2? and 3} mols. the product contains 
dibenzylstannic chloride, dibenzyl, a small proportion of hexa- 
benzyldistannane and probably also tetrabenzylstannane, although 
the last-named could not be obtained in a pure state. 

Hexabenzyldistannane, Sn(C,H,;*CH,),°Sn(C,H,;°CH,),, is more 
conveniently prepared by heating tribenzylstannic chloride with 
sodium in toluene solution. It crystallises from acetone in colour- 
less tablets, m. p. 147—148°, and is readily soluble in hot acetone 
or benzene (Found : Sn, 30-3. C,,.H,.Sn, requires Sn, 30-3%). It is 
readily decomposed by iodine in benzene solution, giving tribenzyl- 
stannic iodide. 

Dibenzylethylbutylstannane, SnEtBu(CH,Ph),, is prepared by 
treating dibenzylethylstannic iodide with excess of an ethereal 
solution of magnesium n-butyl bromide and completing the reaction 
by distilling the ether and heating the residue at about 140° during 
1—2 hours. The product, isolated by fractional distillation, is a 
colourless, highly refractive liquid, b. p. 207—209°/9 mm., 175— 
180°/3—2-5 mm. (Found: C, 61-4; H, 7-1. C, )H,,Sn requires 
C, 61-8; H, 7-2%). It is only moderately easily soluble in ether 
or acetone but more readily soluble in benzene. 

Benzylethyldibutylstannane, SnEtBu,*CH,Ph, was always obtained 
as a by-product in the above preparation, because the dibenzylethyl- 
stannic iodide invariably contained some benzylethylstannic iodide, 
which could not be removed by fractional distillation. The dibutyl 
compound is a colourless liquid, b. p. 175—180°/9 mm., 118—122°/ 
2-5—3 mm. (Found: C, 57-4; H, 8:7. C,,H,)Sn requires C, 57-7; 
H, 8-6%). 


The author wishes to thank Professor Kipping for suggesting this 
work, and the Salters’ Company for a fellowship which enabled him 
to carry it out.—Universitry CoLtece, NotrmncHam. [Received, 
November 5th, 1926.] 
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KATHARINE A. BURKE. 
Diep Jury 6TH, 1924. 


Miss K. A. BuRKE came to University College to carry out research 
work in the laboratory of Sir William Ramsay, having graduated 
from the Birkbeck College. Under the direction of the writer 
she investigated the chemical kinetics of the alkyl iodides, the 
results of which were published in the Zeitschrift fiir physikalische 
Chemie in the years 1904 and 1909. 

For a time Miss Burke acted as a private assistant to Sir William 
Ramsay, and was engaged on investigations in the field of radio- 
activity. In 1906 she was appointed a member of the Chemical 
Staff at University College, and from that time until her death on 
July 6th, 1924, she continued her teaching work, having charge of 
the practical laboratory work for students of the Intermediate 
Science class, and giving courses of lectures to more advanced 
students on the chemical aspects of radioactive transformations. 

Miss Burke was an excellent linguist, and in 1907 made an impor- 
tant contribution to the series of Text-books of Physical Chemistry, 
edited by Sir William Ramsay, by translating from the Danish an 
account of the thermochemical researches of Professor Julius 
Thomsen. F. G. Donnan. 


JAMES GRANT. 
Born 1858; Dizp DrEcEMBER 7TH, 1925. 


JamMES GRANT, who died on December 7th, 1925, at the age of 67, 
had been a Fellow of the Society since February 6th, 1890. 

Born of Scottish parents, he spent his early years in the south, 
where he entered the teaching profession. Coming to Lancashire, 
he studied Chemistry at the Owens College under Sir H. E. Roscoe 
and later became an Associate and Fellow of the Institute of Chemis- 
try. In 1889 he was appointed on the teaching staff of the Man- 
chester Technical School, which subsequently became the College 
of Technology. He later devoted his attention to foodstuffs and 
inaugurated and organised the foodstuffs sub-department, keeping 
in close touch with the related industrial associations. He retired 
from the staff of the College in March, 1925, after a period of 35 
years’ service. 

Grant was a Master of Technical Science, a Justice of the Peace 
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for the County of Lancaster, and Chairman of the Chemical section 
of the Manchester Literary and Philosophical Society. 

Among his publications were ‘“ Chemistry of Breadmaking,” 
*“‘ Confectioners’ Raw Materials,” “‘ Notes on Costings,” and a 
revised edition of Amos’s “ Processes of Flour Manufacture,” and 
at the time of his death he was engaged upon a book on the diseases 
of wheat, bread, and flour. 

As a man Grant was punctual, energetic, and thorough in his 
methods—a successful teacher who communicated his enthusiasm 
to his students and secured the confidence of those in the industries 


to which his work applied. 
E. L. Rweap. 


WILLIAM JAMES LEWIS. 
Born JANUARY 16TH, 1847; Dizp Apriz 16TH, 1926. 


Proressor W. J. Lewis, well known as the Professor of Mineralogy 
at Cambridge, had been a Fellow of this Society since 1869. He 
was the second son of the Rev. John Lewis of Llanwyddelan in 
‘Montgomeryshire, and was educated at Llanrwst Grammar School 
and Jesus College, Oxford. Taking first classes in mathematics 
and natural science, he gained the Senior Mathematical Scholarship 
and was elected a Fellow of Oriel College in 1872. This fellowship 
he held until his death. For a short time he was an assistant master 
at Cheltenham College and an assistant in the Mineralogical Depart- 
ment of the British Museum (1875—77), and he took part in two 
solar eclipse expeditions. In 1879 he acted as deputy to Prof. 
W. H. Miller at Cambridge, and in 1881 he succeeded Miller as 
Professor of Mineralogy. Like Whewell and Miller before him, he 
was more interested in the crystallographic side of mineralogy, and 
the subject as taught had as much bearing on chemistry, physics, 
and petrology as on mineralogy—he might, indeed, have been called 
Professor of Crystallography. Under his régime the department 
and the collection of minerals were very considerably increased, 
and many more students took mineralogy as a subject for an honours 
degree. In 1925 and 1926 there were respectively 46 and 43 Tripos 
candidates in this subject. All these students must at least have 
been impressed with the importance of the crystalline structure of 
matter, apart from chemical composition and the mass physical 
properties. ; 

Lewis’s first scientific papers appeared in the Journal of this 
Society in 1875. These dealt with the crystallography of mairo- 
gallol and leucaurin; and his later papers were on the crystallo- 
graphy of various minerals, many of which he collected himself 
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in Switzerland. His “ Treatise on Crystallography ” (1899) is still 
the best text-book on geometrical crystallography. He was elected 
a Fellow of the Royal Society in 1909. L. J.8. 


SHIGETAKE SUGIURA. 
Born Marcu 3rp, 1855; Diep Fresruary 13TnH, 1924. 


Tue life of Shigetake Sugiura was, in certain respects, a remarkable 
one. Beginning with a promising scientific career, he was destined 
soon to renounce the study of science because of illness, and yet, 
fighting always with his delicate health, he was able to make himself 
known and respected throughout Japan as one of her ablest thinkers 
and most gifted teachers. 

Shigetake, second son of Shigebumi Sugiura, was born on March 
3rd, 1855, in the small town of Zeze, not far from Kyot6. Receiving 
a general education in his native town, young Sugiura soon dis- 
tinguished himself by his unusual ability and firmness of character, 
and when, soon after the Restoration, the Central Government asked 


every clan (according to its size) to send either one, two, or three * 


of its most promising young students to Tokyo to be educated in 
Western science, he was selected by the Feudal Lord of Zeze to be 
the ‘‘ contribution student ” of his clan. This was in 1870, when 
Sugiura was fifteen years of age. 

The Government school, which Sugiura entered and in which 
English and the elements of Western sciences were taught, was 
known as Daigaku Nanko, an institution which has since grown into 
the present Imperial University of Tokyo. When, in 1874, special 
courses of study were first established, he took up Chemistry as his 
future profession. R.W. Atkinson was then Professor of Chemistry, 
and for two years Sugiura worked diligently under him. About 
this time, promising students were being selected by the Government 
to be sent abroad for further study, and together with some others, 
of whom the writer was one, Sugiura was in June, 1876, elected to a 
Foreign Scholarship and sent to England to continue his study of 
Chemistry. 

With the idea of studying Agricultural Chemistry, Sugiura 
entered the Agricultural College in Cirencester in October, 1876, 
but finding that the agricultural conditions in England were totally 
different from those prevailing in Japan, he soon left Cirencester 
and went to Manchester, entering Owens College in December of the 
same year. Here he was brought into close personal contact with 
Roscoe and Schorlemmer, of both of whom Sugiura, in his after 
years, never ceased to speak in terms of affection and reverence. 
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In Manchester, he was also constantly associated with H. B. Baker, 
C. F. Cross, and Pattison Muir, and the few papers he published 
while in Owens College were in collaboration with one or other of 
these men. In 1878 he was elected a Fellow of the Chemical Society 
and became a life-member. 

In the same year, he moved to London and entered the Royal 
College of Chemistry in South Kensington, where Frankland was 
then Professor of Chemistry. During the course of a conversation 
with the writer in London in December, 1901, Sir Henry Roscoe 
told him the following story in reference to this incident in Sugiura’s 
life : Sugiura carried off the first prize in his first year’s examination 
at Owens College, but at the end of the second year he was placed 
second on the list; soon afterwards, Sir Henry learnt that Sugiura 
was leaving the college and found that he considered himself dis- 
graced by not having taken the first place. This story is repeated 
in “ The Life and Experience of Sir Henry Enfield Roscoe ”’ (London, 
1906, p. 114), written by himself. It appears, however, that the 
story arose from a misunderstanding on the part of Sir Henry, as 
Sugiura himself told the writer afterwards, and that his only motive 
in leaving Owens College and entering the Royal College of 
Chemistry was his desire to widen his experience by working in 
another laboratory under another great chemist such as Frankland. 
Indeed, at one time, Sugiura even thought of going to Germany. 

Whatever may have been the real motive of his leaving Owens 
College, Sugiura was soon destined to give up his study of chemistry 
altogether, for in the following year his health was so much impaired, 
mainly from neurasthenia, that the doctor advised him to take a 
holiday and go to the seaside. Following this advice, he went to 
Hastings, but without any beneficial results, and, after much worry 
and anxiety, he at last returned to Japan in May, 1880. 

Although somewhat improved after the return to Japan, Sugiura’s 
health was still in a more or less indifferent condition, and it was, 
therefore, rather wonderful that, at one time or another, he was able 
to assume such responsible duties as those of the director of a Pre- 
paratory School attached to the University of Tokyo (1882—85), 
member of the Lower House of the Imperial Diet (1890), and 
member of the Higher Education Council (1897—98), besides 
several: other duties of a more personal nature. For some years 
after returning from England he was also a constant contributor 
to magazines and daily papers, Writing on educational, ethical, 
philosophical, political, and other questions, and expounding more 
particularly what he called a Scientific Religion, which was an attempt 
at formulating a moral code based upon modern science. This was 
an idea Sugiura nourished while still in England. 
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Sugiura again suffered from neurasthenia in 1899, and, although 
his recovery was then comparatively speedy, within a few years he 
suffered from the same complaint for the third time, to lie in bed 
continuously for seven long years (1902—1909). All hope of his 
recovery was given up, and yet, miraculously, although slowly, 
he once more recovered his health, and, what is even more 
remarkable, he got better than he had ever been, whilst his mental 
activity never showed even the slightest sign of deterioration. 

Indeed, Sugiura’s most important work began a few years after 
his recovery from his third and most serious illness, for in 1914 he 
was called to the responsible duties of a tutor to H.I.H. The Crown 
Prince and, later, also to H.I.H. Princess Nagako, who was then 
betrothed to the Crown Prince. Ethics was the subject Sugiura 
taught his Imperial pupils, and with his profound knowledge of both 
Eastern and Western cultures, combined with his noble and unselfish 
personality, he was undoubtedly the man most fitted for the 
important duties of a tutor to the future Sovereign and his future 
Consort. In this capacity, Sugiura served most meritoriously for 
seven years, and this was destined to be the last of the public services 
he rendered to his country. 

Towards the end of 1923, Sugiura’s health began to decline 
rapidly, and on February 13th, 1924, he passed away peacefully 
at the age of 69, leaving a widow and five children. 


List of Chemical Papers published by Sugiura. 


1. “On a Slight Modification of Hofmann’s Vapour-density 
Apparatus ” (with M. M. Pattison Muir). J., 1877, 32, 140—144. 

2. “On Essential Oil of Sage” (with M. M. Pattison Muir). 
J., 1878, 33, 292—298. 

3. “‘ Action of the Halogens at High Temperatures upon Metallic 
Oxides ”’ (with C. F. Cross). J., 1878, 33, 405—409. 

4. “On the Decomposition of Ultramarine by Carbonic Acid.” 
Chem. News, 1878, 37, 213. 

5. “On the Formation of Barium Periodate ”’ (with C. F. Cross). 
J., 1879, 35, 118—119. 

6. “‘ Note on the Magnesium Vanadates ” (with H. B. Baker). 
J., 1879, 35, 713—716. 
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(Henry and SHARP), 2435. 

Acetoxymercuricarvacrol (HENRY and 

SHARP), 2436. 
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3-Acetoxymercuri-4-hydroxy-2-methyl- 

5-isopropylbenzaldehyde (HeNRY and 

SHARP), 2439. 

5-Acetoxymercuri-3-methyl-6-/sopropyl- 

benzaldehyde, 4-hydruxy- (HENRY 

and SHARP), 2439. 

Acetylacetone, absorption spectra of 

(Morton and RosneEy), 706. 

Acetyl-1:2:3-benztriazole (BELL and 

KENYON), 954. 

Acetyl-o-benzylideneaminophenol, and 

its hydrelysis (BrLL and KENyon), 

1893. 

Acetylisocreosol. Sce p-Tolyl methyl 

ether, 3-hydroxy-, acetyl derivative. 

2-Acetyl-1:2-dihydrobenzthiazole, 
5-bromo-l-imino-, and 1l-imino-, and 

its bromides (HUNTER), 1394. 

N-Acetyldiphenylamine-p-arsenious 

chloride (KbURTON and Gipson), 461. 

Acetylene, absorptivn of, by colloidal 

solutions (GATTERER), 299. 

5-Acety lheptoic acid semicarbazone (Kon 

and Nut.Lanp), 8108. 

1-Acetylcyclvhexane-l-acetic acid, and 

its derivetives (ROTHSTEIN and 

THORPE), 2016. 

1-Acetylisatin, 5-iodo- (AESCHLIMANN), 

2910. 

2 Acetyl-2-methyl-1:3-benzdithiole 

(HuRTLEY and SMILEs), 2267. 

Acetylmethylheptoic acids, semicarb- 

azones of (Kon and Nur.anp), 3109. 

6-Acetyl-9-methyl--indoxylspirocyclo- 

pentane (MaNJUNATH and PLANT), 

2263. 

Acetyl-o-phenylenediamine, preparation 

of (BeLu and Kenyon), 954. 

Acid, C,H 90,4, and its derivatives, from 
methylation of ethyl dsopropyl- 
idenemalonate (Kon and Spricut), 
2730. 

C,H,,0,, and its derivatives, from 
methylation of ethyl cyclopentyl- 
idenemalonate (Kon and SpgicuH7), 
2732. 

CoH ,,0,, and its ester, from methyl- 


ation of ethyl <A?-cyclohexenyl- 
malonate (Kon and SPEIGHT), 
2734. 


CyoH,03, and its cyano-ester, from 
2-isopropylidenecyclopentanone and 
ethyl sodiocysnoacetate (Kon and 
NUTLAND), 3108. 

C,,H,,03, from camphorphorone and 
ethyl sodiocyanoacetate (Kon and 
NutLAnp), 3109. 

of 


Acids, aliphatic, derivatives 


(Wuitsy), 1458. 
fatty, crystal spacing in relation to 
length of chain in (Piper, MALKIN, 


and AUsTIN), 2310, 
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Acids, fatty monobasic, heat of crystal- 
lisation of (GARNER, MADDEN, and 
RUSHBROOKE), 2491. 

saturated dicarboxylic, and their ethyl 
esters, X-ray structure of (Nor- 
MAND, Ross, and HENDEksoN), 
2632. 

weak, and their salts, catalysis of the 
reaction between acetone and iodine 
by (Dawson and  CarrTER), 
2282. 

Additive reactions and tautomerism 
(Cooper, C. K. and E. H. Incotp), 
1868. ; 

Address, presidential (CRossLEY), 978. 

Adsorption, optical study of (Fopor 
and RIwuin), 102; (RIwLIn), 
2300. 

Affinity, residual, and co-ordination 
(MorGAN and Sirs), 912; (Morcan 
and BursTALL), 2018; (Monrean, 
CARTER, and HARRISON), 2027. 

Air. See Atmospheric air. 

Alanine, tutyl esters, and their salts 
(MorGAn), 82. 

@l-Alanine, resolution of (Kippinc and 
Pore), 494. 

Alcohol, C,,H,;,0, and its acetate, from 

oxidation of paraffin wax (FRANCIS 
and GAUNTLETT), 2381. 

C,3H5,0, and its acetate, from oxid- 
ation of paraffin wax (FRANCIS and 
GAUNTLETT), 2381. 

Alcohols, temperature of maximum 
density of aqueous mixtures of 
(McHutcutson), 1898. 

of the hydroaromatic and terpene 
series (GouGH, HUNTER, and 
KENYON), 2052. 

polyhydric, partial esterification of 
(FaIRBOURNE and Foster), 3146, 
3147. 

Alcoholates, dissociation pressures of 
(BoNNELL and JonEs), 319. 

Aldebydes, condensation of piperitone 
with (EARL and Reap), 2072. 

Aldehydodiphenyl, 4-hydroxy-, and its 
phenylhyvrazone (BELLand KENYON), 
3047. 

Aldeximes, isomeric, dissociation con- 
stants of (BraDY and GOLDSTEIN), 
1918. 

methylation of (Brapy and GoLp- 
STEIN), 2403. 

Beckmann rearrangement of N-methyl 
ethers of (Brapy and Dwwny), 
2411. 

Alicyclic compounds, formation and 
stability of (FARMER and Ross), 
$233. 

Aliphatic compounds, higher, synthesis 
of (G. M, and R, Rosinson), 2204. 
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Alkali azides and cyanates, comparison 


of the physical properties of 
(CRANSTON and _ LIVINGSTONE), 
501. 


bromides, equilibria of ethyl a'cohol 

with (BONNELL and JONEs), 318. 
Alkaline earth bromides and iodides, 

equilibria of ethyl] alcohel with 
(BoNNELL and JONEs), 318. 

salts, action of superheated steam on 
(KoBINSON, Suir, and BrRiscog), 
836. 

Alkaloids of the phenanthrene group, 
syntlieses of (ROBINSON aud SHINODA), 
1987. 

Alkyl iodides, reaction of sodium benzyl 
oxide with (GOLDSWORTHY), 1102. 

Alkylation by means of thallium 
compounds (FEAR and MENziks), 
937. 

B-Alkyleinnamic acids, isomerism of 
(JOHNSON and Kon), 2748. 

Alkylphenols, and their aldehydes, 
mercuration of (HENRY and Suarp), 
2432. 

Ally] esters, oxidation of, to a-glycerides 

(FAIRBOURNE and Foster), 3146. 
2:4:6-trinitrophenyl ether (Farr- 
BOURNE and FosrEr), 3148. 

Allyl-A!-cycluhexenylacetone semicarb- 
azone (Kon and SmirH), 1797. 

Aluminium, periodic passivity of 
(HxEpGEs), 2878. 

Amidines, tautomerism of (FoRsyTH and 

PyMAN), 2502. 
N-alkylated (Szn and RAy), 646. 

Amines, Gabriel synthesis of (ING and 
MANSKE), 2348. 

Amino-acids, butyl esters of (MoncaNn), 
79. 

Amino-alcohols, tertiary, elimination of 


amino-groujs from (McKENZIE, 
Rocer, and WILLs), 779. 
Amino-compounds, aromatic, Tesla- 


luminescence spectra of (McVICKER, 
MarsB, and Stewart), 17. 
Ammonium  perhalides, quaternary 
(REaDE), 2528, 
nitrite, decomposition of aqueous 
solutions of, by light (HoLmss), 
1898. 
sulphide, oxidation of (APPLEBEY and 
Lanyon), 2983. 
1-Amylaminobenzthiazoles, and their 


dibromide hydrovromides (HUNTER), 


2956. 
1-Amylaminobenzthiazoles, 5-bromo-, 
and their bromides (HUNTER and 
SoyKa), 2963. 
2-Amylamino-8-naphthathiazoles, and 
their bromides (Dyson, HUNTER, and 
SoyKa), 2968, 
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5-isoAmylbenzaldehyde, 2-hydroxy-, 


and its derivatives (HENRY and 
SHanrp), 2437. 
Analysis, microchemical (Hanrtune), 
840. 


Anhydro-5-amino 2-888-trichloro-a- 
hydroxyethoxy-1-888-trichloro-a- 
hydroxyethylbenzene, and its deriv- 
atives (CHAITAWAY), 2725. 

Anhydro-2-888-trichloro-a-hydroxy- 
ethoxy-1-888-irichloro-a-hydroxy- 
ethylbenzene (CHATTAWAY), 2726. 

Anhydrocotarnine-2:4-diaminotoluene, 
and its diacetyl] derivative (RoBiNsON 
aud WEstT), 1985. 

Anbydrocotarnine-2-nitro-4-amino-3- 
methoxytoluene, and its acetyl deriv- 
ative (RorRINSON and SHINODA), 
1991, 

Anhyérocotarnine-2:6-dinitrohomovera- 
trole (GRAESSERk-THOMAS, GULLAND, 
and Rosinson), 1976. 

Anhydrocotarnine-2:4-dinitro-3-meth- 
oxytoluene, and its hydrochloride 
(RoBINSON and WEsT), 1986. 

Anhydrodihydrocryptopine oxide, and 
its hydrochloride (HAWoRTH and 
PERKIN), 1779. 

Anhydrodihydroprotopine, and its oxide 
(Haworth aud PERKIN), 1782. 

Anhydrohydrastinine-2:4:6-trinitro- 
tolaene, and its hydrochloride (Ros- 
INSON and WEsT), 1987. 

Anbydrolaudaline-2:4-diamino-3-meth- 
oxytoluene, and its dihydrochloride 
and acetyl derivative (ROBINSON and 
SuHrinopa), 1990. 

Anhydrolaudaline-2-nitro-4-amino-3- 
methoxytoluene, and its derivatives 
(RuBINsON and Snrnopa), 1990. 

Anbydrolaudaline-2:4-dipvitro-3-meth- 
oxytoluene, and its hydrochloride 
(Rtoprnson and SuHixopa), 1990. 

Anhydro-5-nitro-2-888-trichloro-a- 
hydroxyothoxy-1-888-trichloro-a- 
hydroxyethylbenzene (( HATrAWAY)}, 
2722 

Anhydrotetrabydromethylberberine 
oxide, aud its hydrochloride (Ha- 
WORTH and PERKIN), 449. 

Aniline, chloro-derivatives, preparation 
of (Dyson, GrorcE, and HUNTER), 
3043. 

Anilines, chloro-substituted, action of 
thiocarbonyl chloride on (Dyson, 
GEorGE, and HunTER), 3041. 

4’-Anilinodiphenyl, bromo- and chloro- 
diuitro- (LE FikvrE and TURNER), 
2047. 

8-Anilino-8-methylpentan-d-one, B-p- 
chloro-, and its derivatives (BANFIELD 
and Kenyon), 16238. 


3272 


4-Anilino-2-phenyldimethylpyrimidin- 
ium salts (ForsyrH and PyMmavn), 
2508. 

o-Anisidine, 3- and 6-nitro- (C. K. and 
E. H. INeorp), 1318. 

Anisidines, chloro- 
HANDLEY), 542, 

Anisidine methyl thioethers, and their 
hydrochlorides (HopGson and HAnp- 
LEY), 544. 

Anisole, o-fluoro-, and its nitro-deriv- 
atives (HoL~mes and _ INGOLD), 
1329. 

5-halogeno-3-hydroxy-derivatives, and 
their derivatives (HopGson and 
WIGNALL), 2826. 

Anisole-2-sulpbinic acids, nitro- 
(HoumEs, C. K. and E, H. INGouLp), 
1688. 

w-Anisoy1-3:4-dimethoxyacetophenone 
(BRADLEY and Rosinson), 2366. 

a-Anisoylpropiophenone, and its copper 
derivative (BRaDLEY and Rosinson), 
2360. 

Anisylidene-d/-piperitone (EARL 
Reap), 2073. 

p-Anisyltelluritrichloride (MorGAN and 
KeE.eEtt), 1084. 

Annual General Meeting, 962. 

Anodes, deposition of zinc on, in voltaic 

cells (HumBy and Perrin), 959. 
cadmium, lead, magnesium, mercury, 
platinum, tin, and zinc, periodic 
phenomena at (HEpGEs), 2581. 
copper and silver, periodic phenomena 
at (HEDGES), 1533. 

Anthocyanins, synthesis of (ROBERTSON 
and Rosrnson), 1713. 

Anthracene, and its derivatives, absorp- 
tion spectra of (CAPPER and Marsn), 
724, 

Anthracenes, meso-substituted (INGoLD 

and MARSHALL), 3080. 
reactivity of (Cook), 1282, 1677, 
2160. 

Anthragallol, acetyl derivatives(GREEN), 
2202. 

9-Anthranyl acetates, 1- and 4-chloro- 
(MATTHEWS), 241. 

Anthranyl-9-pyridinium chloride, 10- 
hydroxy- (MATTHEWs), 2438. 

Anthraphenone, 10-bromo-, 
and -nitro- (Cook), 1285. 

Anthrapurpurin, acetyl and benzoyl 
derivatives (GREEN), 2200. 

Anthraquinone,  1-chloro-4-hydroxy-, 


(Hopeson and 


and 


-chloro-, 


and its 4-acetyl derivative (GREEN), 
1434, 
5-chloro-1-hydroxy-, and its acetyl 
derivative (GREEN), 2199, 2203. 
10-chloro-1-hydroxy-, and its deriv- 
atives (GREEN) 1431. 
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Anthraquinones, hydroxy-, action of 
thionyl chloride on (GREEN), 1428, 
2198. 

Anthrone, 10-mono- and 4:10-di-chloro-, 
chlorobromo-, and  chlorohydroxy- 
(MaTTHEWs), 241. 

mesoAnthrones, hydroxy-, reactions of 
(MATTHEWS), 236. 

Antimony trichloride, action of, on 
diazotised diamines (Gray), 3174. 

d-Arabinose, oxidation of (McOway), 
1747. 

Aromatic compounds, substitution in 
(Davies and LEEPER), 1413; 
(FLURscHEIM and Hormss), 1562. 

directive power of greups in sub- 
stitution in (ALLAN and RosiNson), 
376; (OxForD and _ Rosinson), 
383 ; (RoBINSON and SmiTH), 392; 
(ALLAN, OxForD, ROBINSON, and 
SmirH), 401 ; (Lea and Rosrnson’, 
411; (Houmegs, C. K. and E. H. 
INGOLD), 1684. 

mercuration of 637, 
3215. 

introduction of 
into (CHALLENGER, PETERs, 
Ha.fvy), 1648. 

polynuclear, molecular configuration 
of (CHRISTIE and KENNER), 470; 
(CHRISTIE, HOLDERNESS, and 
KENNER), 671. 

Arsenic compounds, reduction of, by 
sodium hyposulphite (FARMER and 
Frirtn), 119. 

Arsenites, action of, on halogenated 
organic compounds (BALABAN), 569. 

Arsenic subsulphide (FARMER and 
FirTH), 119. 

Arsenobenzene, 
benzene- and 
derivatives (HEwiITT, KING, 
Murcn), 1362. 

5:5’-diiodo-3:3’-diamino-4:4’-dihydr- 
oxy-, diacetyl derivative, and 5:5’- 
diiodo-8:3’-dinitro-4:4’-dihydroxy- 
(MACALLUM), 1646. 

thiol- (Hewirr, Kine, and Murca), 
1370. 

Arsenobenzenes, aminohydroxy-, amino- 
aryl derivatives of (Hewirr and 
Kine), 827. 

Aryl alkyl ethers, reactions of tellurium 
tetrachloride and (Morean and 
KELLETT), 1080. 

disulphoxides, amino-, phototropic 
(CHILD and SMILEs), 2696. 

Arylsulphurie acids (BURKHARDT and 
Lapworth), 684. 

Atmospheric air, propagation of flame 
in mixtures of methane and (CHAPMAN 
and WHEELER), 2139. 


(CoFFEY), 


selenocyano-groups 
and 


4-amino-, 3’-amino- 
-toluene-sulphonyl 
and 
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Atomic weight of boron (Briscor, 
Rosinson, and STEPHENSON), 70. 
of silicon {RoBINSON and SMITH), 
1262. 
of silver (RILEY and BAKER), 2510. 

Aurous oxide. See under Gold. 

Azelaic acid, aa’-dihydroxy-, and its 
silver salt and ethyl ester (Goss and 
InGoup), 1476. 

Azides, comparison of the physical pro- 
perties of cyanates and (CRANSTON 
and Livinestoner), 501. 


Azobenzaldehydes, preparation of 
(Durr), 1172. 
Azobenzthiazole, l-amino-, and its 


hydrochloride (HUNTER), 1396. 

Azodicarboxymethylamide (CooPer and 
INGoLD), 1895. 

p-Azoxybenzyl alcohol (SHOESMITH and 
TAyYLoRr), 2834. 

Azoxybenzyl bromides, isomeric. pre- 
paration and hydrolysis of (SHOE- 
sMITH and TAYLOR), 2832. 


Balance, micro-. See Micro-balance. 

Balance sheets of the Chemical Society 
and Research Fund. See Annual 
General Meeting, 962. 

Barbituric acid, bromo- and chloro-, 
hydrazides of (MAcBETH, NUNAN, and 
TRAILL), 1251. 

Bariam chloride and nitrate, equilibria 
of sodium chloride and nitrate with 
(FInDLAY and CRUICKSHANK), 316. 

germanate (PuGH), 2831. 
iodide, solubility of, in water (PACKER 
and RIveEtr), 1061. 

Base, C,,H,,ON,'and its derivatives, from 
reduction of C,g,H,,0,N, (BANFIELD 
and Kenyon), 1628. 

Bases, heterocyclic, reactive methyl 

groups in (HUMPHRIES), 374. 
organic, action of acetylene tetra- 
bromide on (FuLTon), 197. 

Benzaldehyde, 2-chloro-5-amino-, 
chloro-m-hydroxy-derivatives, 
their derivatives (Hopason 
Bearp), 147. 

chloronitro-3-hydroxy-derivatives,and 
their salts and derivatives (HopGson 
and BEARD), 2031. 

m-nitro-, condensation of quinaldine- 
with (TayLorR and WoopHovss), 
2971. 

Benzaldehydes, chloro-3-hydroxy-, nitr- 
ation of (Hopeson and BEARD), 
2030. 

fluoro-, and their derivatives (SHoR- 
SMITH, Sosson, and SLATER), 2760. 


and 
and 
and 
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Benzamidines, nitration of (ForsyTH, 
NIMKAR, and PyMan), 800. 


1:4-Benzdithian-2:3-dione (HURTLEY 
and SMILES), 2268. 
1:3-Benzdithiole, 2-oximino-, and 2- 


thio- (HuRTLEY and SMILEs), 1826. 
1:3-Benzdithiol-2-one, and nitro- 
(HURTLEY and SMILEs), 1826. 
1:3-Benzdithiylium salts (HuRTLEY and 
SMILEs), 2267, 
Benzene nucleus, structure of (INGoLD 
and MARSHALL), 3080. 
formation of rings attached to 
(TittEy), 508. 


vapour pressure of (JoLLY and 
BRISCOE), 2156. 

derivatives, vicinal trisubstituted, 
substitution in (RUBENSTEIN), 


648. 

Benzene, chloronitro-, action of alco- 
holic potassium hydroxide on 
(RICHARDSON), 522. 

o-dithiol- (HurTLEY and SMILEs), 
1821. 
p-Benzeneazo-p’p’’-diaminotriphenyl- 
methane, and p-4-hydroxy- (Dvrtt), 
1175. 

Benzeneazobenzeneazobenzeneazoanil- 
ine (DuTrT), 1177. 

Benzeneazobenzeneazobenzeneazo- 
benzeneazodimethylaniline (DvmTrT), 
1178. 

Benzeneazobenzeneazobenzeneazo- 
benzeneazophenol (Du7T), 1178. 

Benzeneazobenzeneazobenzeneazodi- 
methylaniline (Durr), 1177. 

Benzeneazobenzeneazobenzeneazo- 
phenol (Durr), 1177. 

Benzene-1-azo-8-napthaquinone-1-sul- 
phonic acid, 4’-nitro-, sodium salt 
(Rowg, Levin, Burns, Davizs, and 
TEPPER), 699. 

Benzenediazonium chloride, p-amino-, 
acetyl derivative, and its derivatives 
(Gray), 3178. 

Benzene-o-dimethylsulphone (HURTLEY 
and SMILEs), 1825. 

Benzene-o-disulphonic acid, salts and 
derivatives of (HURTLEY and SMILEs), 
1828. 

Benzenesulphonic acid, beryllium salt 
(StpGwick aud Lewis), 1290. 

Benzenesulphonic acid, p-amino-, acetyl 
derivative, -acetylaminophenyl ester 
(CHILD and SmILEs), 2699. 

Benzenethiolsulphonic acid, p-amino-, 
acetyl derivative, p-tclyl ester (CHILD 
and SmItss), 2702. 

Benzenyltrimethylamidine nitrate, and 
m-nitro-, hydriedide (FoRsYTH, 
NIMKAR and PyMan), 803. 

Benzfuroin (GREENE), 331. 
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Benzidines, dinitro-, and their diacetyl 
and dipiperidino-derivatives (LE 
Fivre and TuRNER), 1762. 

Benzil, 00’-, om’-, and mm’-dinitro- 

(CHATTAWAY and Coulson), 1070. 


2:4-dinitru-, oximes (BisHor and 
Brapy), 810. 
3:5:3:5’-tetranitro-, and its quin- 


oxaline derivative (CHRISTIE and 
KENNER), 475. 

Benziminazole-2-thioglycollic 
esters and Jactam (STEPHEN 
WIitson), 2536. 

Benzoic acid, ethyl ester, chloro- and 
methoxy-derivatives, velocity of 
saponification of (BLAKEY, McComBig, 
and ScaRBorouGnH), 2863. 

Benzoic acid, 3-amino-4-hydroxy-, \V-4- 
toluenesulphonyl derivative (HEW- 
ITr, Kine, and Muncn), 1368. 

3-bromo-2-amino-, acetyl derivative 
(Burton, HAMMOND, and KENNER), 
1803. 

3-bromonitro-, ethyl ester (BuRToN, 
HAMMonpD, and KENNER), 1804. 

p-vitro-, aud 3:5-dinitro-, allyl esters 
and their dibromo-derivatives(FAIR- 
BOURNE and Foster), 3147. 

Benzoic acids, nitro-, scc.-8-octyl esters 
of, and their rotation (RuLE and 
Numbers), 2116. 

Benzomethylamide, o-nitro-(Brapy and 
Dunn), 2415. 

Benzophenones, hydroxy-, preparation 

of (ATKINSON and HEILBRON), 2688. 
methoxylated, fission of (LEA and 
Rostnson), 2351. 

Benzopyrylium salts, synthesis of 
(Perkin, RAy, and Rorptnson), 941. 

Benzoxazole methiolide (CLARK), 233. 

w-Benzoylacetophenones, chloro- and 
nitro-, and their copper derivatives 
(BRADLEY and Rosinson), 2363. 

a-Benzoyleamphor, absorption spectra of 
(Morton and Rosney}, 708. 

Benzoyldi-p-tolylamine, thi-.- 
MAN), 2298. 

Benzoylfurfuraldchydecyanohydrin 
(GREENR), 33°, 

Benzoylfuroin (GkEENE), 331. 

o-Benzoylmethylaminoanisole (CLARK), 
235. 

o-Benzoylmethylaminophenylurethane 
(CLARK), 235. 

w-Benzoyloxyphloracetophenone, and its 
triacetyl derivative (Hear and 
Rosinson), 2340. 

w-Benzoyloxyresacetophenone, and its 
diacetyl derivative (Heap aid 


acid, 
and 


(CHAP- 


RosBInson’), 2338. 
2-Benzoyl-2-pheny1-1:3-benzdithiole 
(HurtTLry and SMILEs), 2267. 
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2-Benzoy1-2-phenyl-1:3-dithiolan 
(Hurt: Ey and SMILEs), 2267. 

Benzoylvanillic acid, and its derivatives 
(Heap and Rosprnson), 2341. 

Benzthiazole, 1-amino-, acetyl anid 
benzoyl derivatives, and their 
bromides (HUNTER), 1895. 

amino- and bromoamino-derivatives, 
and their derivatives (HUNTER), 
1397. 

Benzthiazoles, amino- (HUNTER), 1385, 
1401, 2951; (HunTER and Sovyxa), 
2958 ; (Dyson, HUNTER, and SoyKa), 
2964. 

Benzthiazole-1-azo-8-naphthol 
(HUNTER), 1396. 

Benzyl bromides, bromo-, chloro-, and 
fluoro- (SHOESMITH and SLATER), 
214, 

iodides, bromo- 
SLATER), 219. 

Benzylacetone, 5-anilino- and 5-methy!- 
anilino-semicarbazones and p-tolyl- 
hydrazone (Barrp and WIrson ), 2373. 

Benzylamine, nitration of, ard_ its 
derivatives (In@ and Roprrnson), 
1655 ; (Goss, INGoLp, and WIusoy), 
2440. 

3-Benzylaminotoluene, 2:4-dinitro- 
(GORNALL and Rosgtyson), 1984. 

Benzylammonium picrates, nitro- (Goss, 
INGOLD, and Witson), 2455. 

9-Benzylanthracene, bromo-derivatives, 
and 10-chloro- and 10-nitro- (Cook), 
2166. 

9-Benzylanthranyl 10-acetate (Cvok), 
2165. 

9-Benzylanthrany1-10-pyridinium 
bromide (Cook), 2157. 

10-Benzylanthraphenone (Cook), 2169. 

d- and l-Benzyldeoxybenzoin (McK En- 
2z1E, KoGer, and WILLs), 788. 

9-Benzyl 9:10-dihydroanthracene, 
9-hydroxy-10-nitro- (Cook), 2168. 

10-Benzy]-9:10-dibydroanthraphenone 
(Cuok', 2170. 

9-Benzy1-9:10-dihydroanthraquinyl- 
9:10-dipyridinium dibromide (Cook), 
2167. 

Benzyldiethylamine, nitration of (FLir- 
SCHEIM and HoLMEs), 1567. 

Benzyldimethylamine, m-nitr>- (Goss, 
INGoLD, aud Witson), 245< 

Benzyldimethylarsine, «derivatives of 
(Roperis, TornErR, and Bury), 1446. 

Benzylethyldibu'ylstannane (Law), 
3243. 

Benzylideneacetylisopropylidenebenz- 
idine, p-nitro- (DENNETT and Tur- 
NEk), 481. 

4-Benzylideneaminodiphenyl (Beit aud 
Kenyon), 2707. 


(SHOESMITH and 
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4-Benzylideneamino-4’-hydroxydi- 
phenyl (BEL and KEnyon), 2712. 

Benzylideneanthrone dibromide (Cook), 
2171. 

Benzylidenesalicylidenebenzidine, 
p-nitros (DennetTr and TURNER), 


481. 
Benzyl methyl ketone, condensation of, 
with salicylaidehyde (DicKrNson), 
2234. 
Benzyl oxide, sodium, reactions of, 
with alkyl iodides (GoLDswortTHy), 
1102, 
2-Benzyloxyanisole, nitro-derivatives 
(ALLAN and RopInson), 882; (OxFokD 
and Roprnson), 386. 
4-Benzyloxyanisole, nitro-derivatives 
(RoBiINSON and SMITH), 399. 
10-Benzyloxy-5:10-dihydrophenarsazine 
(BurTON and Gisson), 464. 
4.Benzyl-2-pyridone, 3:5-dicyano-6- 
hydroxy-, and its amm nium salt 
(LINSTEAD avd WILLIAMS), 2747. 
1-Benzyltetrahydroisoquinoline, deriv- 
atives of (RuBINSON and WEsrT), 1985. 
Benzyltriethylammonium picrate, and 
nitro-derivatives (Goss, INGOLD, and 
Witson), 2450. 
Benzyltrimethylammonium salts, and 
vitro- (ING and Rosinson), 1666. 
Berberine, conversion of, into 8-homo- 
chelidouine (HAWORTH and PERKIN), 
445. 
Beryllium compounds, co-ordination, 
optical activity of (MiLts and Gorvs), 
3121. 
Beryllium oxide, solubility of, in solu- 
tions of its salts (SipGwick and 
LEWIs), 1287. 
Beryllium organic compounds :— 
salts, conductivities of (SmDGWICK 
and Lewis), 2538. 

Berylliobenzoylpyruvic acid, salts of, 
aud their resolution (MILLS and 
GoTis), 8126. 

Bis‘riaminopropanecobaltic salts (MANN 
and Pops), 2978. 

Bis‘r‘aminopropanecupric salts (MaN\), 


Bis¢riaminopropanenickelous salts 
(Mann and Pore), 2680. 

Bis-p-anisyl tellurides (MorGAN and 
KELLETT), 1084, 1085. 

2:2’-Bis-1:3-benzdithiolene, and tetra- 
iodo- (HurRTLEY and SMILEs), 2253. . 

2:2’-Bis-1:3-benzdithiylium sulphate 
(HvurTLEY and Smixes), 2269. 

Bis-2:5-dichlorophenylthiolphenylacetic 
acid, ethy] ester, and nitrile( BRooKER 
and SMILEs), 1726. 

Bis-dibenzyl ketone thiocarbohydrazone 
(STEPHEN and WILson), 2537. 
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10:10’-Bis-5:10-dihydrophenarsazine, 
and its acetyl derivative (BURTON and 
GiBsoNn), 2246. 

Bis-y-dimethylaminobenzylidene penta- 
erythritol methiodide (FAIRBOURNE 
and WoopDLeEy), 3241. 

Bisdiphenylene-ethylene, absorption 
spectrum of (CAPPER and MArsg), 725. 

Bisethylenediamminocupric iodides, 
mono- and di-hydrated, thermal 
properties of (MORGAN, CARTER, and 
HARRISON), 2030. 

Bismethanolbisethylenediamminocupric 
cyanate tetrahydrate (MuRGAN and 
BURSTALL), 2027. 

Bis-2-methoxy-2-tolyl ditelluride (Mcr- 
GAN and KELLETT), 1086. 

2:3 9:10-Bismethylenedioxyanhydro- 
protoberberine-acetone (HAWORTH 
and PERKIN), 1784. 

2:3:9:10-Bismethylenedioxydihydro- 
protoberberine, and its hydrochloride 
(HAwoRTH and PERKIN), 1783. 

2:3:9:10-Bismethylenedioxyoxyproto- 
berberine (HaworrH and PERKIN), 
1780. 

2:3:9:10-Bismethylenedioxyprotoberber- 
inium chloride (HAwoRTH and 
PERKIN), 1783. 

2:3:9:10. Bismethylenedioxytetrakydro- 
protoberberine, and its hydrochloride 
(HAwortH and PERKIN), 1780. 

Bistetramethyldiaminodiphenylcarbinol 
diacetate (DurtT), 1178. 

Bistetramethyldiaminodiphenylmethane 
(Dutt), 1178. 

Boi:ing points of higher aliphatic 
hydrocarbons (Francis and Woop), 
1420. 

Boron, atomic weight of (Brtscokg, 

Roptnson, and STEPHENSON), 70. 
trioxide glass, density of (BRrIscog, 
Rosinson, and STEPHENSON), 70. 
Borie acid, fractional crystallisation 
of, and the density of boric oxide 
therefrom (Briscor, Ropinson, and 
STEPHENSON), 954. 

Borates, basic, electrometric pre- 
cipitation of (BRITTON), 136. 
Brass, formation of oxide films on 

(VERNON), 2273. 

Brazilin, synthesis of, and its deriv- 
atives (PERKIN, RAy, and Rosinson), 
941. 

Bromine, light absorption of wet and 

dry (Lewis and Ripgat), 596. 

Budde effect in (LEwis and RIpEAL), 
583, 596. 

wet, photoactive constituent of (LEwIs 
and RIDEAL), 583. 

vapour presswe of (JOLLY and 
BRISCOE), 2158. 


metres) nang acer. 
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Bromine, reaction of ethylene with 
(NorkRIsH and Jons&s), 55. 
Budde effect in bromine (LEwIs and 
RIDEAL), 583, 598. 
Butane-aaSy-tetracarboxyamide (IN- 
GOLD and SnorreEr), 1917. 
Butenylnaphthalenes, y-oximino- (GIRB- 
SON, HARIHARAN, MENON, and 
SIMONSEN), 2258. 
2-Butoxyanisoles, nitro-derivatives 
(ALLAN and Rostnson), 381. 
10-n-Butoxy-5:10-dihydrophenarsazine 
(BurTOoN and Grisson), 464. 
1-Butylaminobenzthiazoles, and their 
bromides (HUNTER), 2955. 
1-Butylaminobenzthiazoles, 5-bromo-, 
and their dibromides (HuNTER and 
SoyKA), 2962. 
2-Butylamino-8-naphthathiazoles, and 
their bromides (Uyson, HUNTER, and 
SoyKA), 2967. 
5-tert.-Butylbenzaldehyde, 2-hydroxy-, 
phenylhydrazone( HENRYandSHARP), 
2437. 
d-sec.-Butylbenzene, preparation and 
rotation of, and its derivatives (HARRI- 
son, Kenyon, and SHEPHERD), 658. 
Butyl-4-cyclohexenylacetone semicarb- 
azoue (Kon and SMITH), 1797. 
sec.-Butylisovalerylacetic acid, 
ester (JONES), 2769. 
Butyrylcearbamide, a-bromo- (PHILLIPs), 
2981. 


ethyl 


Cc. 


Cade oil, sesquiterpene from (HENDER- 
son and Ropertson), 2813. 

Cadinene, chemistry of (HENDERSON 

and Ropertson), 2811. 

action of chromic acid and of chromy] 
chloride on (GIBSON, ROBERTSON, 
and Sworp), 166. 

Cadmium sulphide, precipitation of, in 
presence of hydrochloric acid and 
chlorides (KRISHNAMURTI), 1549. 

Cadmium anodes. See under Anodes. 

Calcium carbonate hexahydrate, density 

of (Hume and TopLry), 2932. 
sulphate, precipitated (LAMBERT and 
SCHAFFER), 2648. 

Camphane series, studies in (FORSTER 
and Rao), 2670. 

Camphor, absorption spectra of halogen 
and sulphonic derivatives of (Lowry 
and OwEn), 606. 

Camphor, isonitroso-, unstable form of 

(Forster and Rao), 2670. 
thiol-, metallic derivatives of (DRuM- 
MOND and Grsson), 3075. 

Camphor series, melting-point curves of 
— in (Ross and SoMERVILLE), 
2770. 
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d-Camphoramic acid, rotation of ary] 
derivatives of (SINGH and Pvnri), 
504. 

d-Camphorimide, rotation of ary] deriv- 

. atives of (SINGH and Puri), 504. 

Caoutchouc, from Hevea brasiliensis, 
resin of (WHITBY, DoLID, and Yors- 
TON), 1448. 

Carbamidoacetic acid, n-butyl ester 
(MorGAy), 81. 

Carbamy] chlorides, substituted, decom- 
position of, by hydroxy-compounds 
(Price), 653, 3230. 

Carbamylcyclohexanecarboxylic acids, 
and their esters (WIGHTMAN), 2543. 

Carbazole, 3-:mono- and 3:6-di-iodo-, and 
their 9-acetyl, 9-benzoyl, and 9- 
toluene-p-sulphonyl derivatives 
(Tucker), 547. 

Carbazoles, synthesis of (OAKFsHorT 
and PLANT), 1210. 

Carbazole series, iodination in (TUCKER), 
546. 

5-Carbethoxyanilinosemicarbazide 
hydrochloride, aud its berzylidene 
derivative (Barkp and WILson), 2375, 

$-o-Carbethoxybenzylacetylacetone, and 
its copper derivative (MoRGAN and 
PorTER), 1262, 
3-m-Carbethoxybenzylacetylacetone, 
and its copper derivative (MoRrGcAN 
and PorTEr), 1258. 
3-m-Carbethoxybenzylbutyrylacetone, 
and its copper derivative (MorGAN 
and Porter), 1260. 
w-4-Carbethoxy-2-ketocyclopentyl- 
methylsuccinic acid, ethyl ester, and 
its semicarbazone (INGOLD and Sxop- 
PEE), 1917. 
2-Carbethoxy-7-methoxyindole-3-acetic 
acid, ethy! ester (PERKIN and RUBEN- 
STEIN), 362. 
Carbon chains, alternating effect in 
(Hotmgs and INcotp), 1305, 1328 ; 
(C. K. and E. H. Incotp), 1310; 
(Hotmgs, C. K. and E. H. In- 
GOLD), 1684; (Goss, INcouD, and 
Witson), 2440; (BAKER and IN- 
GOLD), 2462. 
rings, influence of, on the velocity of 
reactions involving  side-chaius 
(Gan and InGorp), 10. 
Carbon monoxide, catalytic dissociation 
of (GLEMINSON and Briscor), 
2148, 
ignition of mixtures of hydrogen 
and (CAMPBELL and WoopHEAD), 
3010. 
dioxide, absorption of. by colloidal 
solutions (GATTERFR), 299. 
Carbonates, basic, electrometric pre- 
cipitation of (Brirren), 142. 
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Carbon disulphide, flame spectra of 
(EMELEUs), 2948. ; ai 
Carbonylbenzidine, and its derivatives 

(Le Fzvre and Turner), 2483. 
$-m-Carboxybenzylacetone (MorRGAN 
and PorRTER), 1261. 
3-m-Carboxybenzylacetylacetone, and 
its copper derivatives (MoRGAN and 
PorTER), 1259. 
3-m-Carboxybenzylbutyrylacetone, and 
its beryllium and copper derivatives 
(MorGAN and PoRTER), 1260. 
o-Carboxycinnamonitrile (Epwanrps), 
816. 

B-(2-Carboxydimethoxyphenyl)ethyl- 
amines, 6-hydroxy-, and their lactones, 
salts and derivatives of (EDwaRDs), 
745. 

B-(2-Carboxydimethoxypheny]l)ethyl- 
carbamic acids, fB-hydroxy-, ethyl 
ester, lactones (EDWARDs), 746. 

B-(2-Carboxydimethoxypnenyl)ethyl- 
methylamines, B-hydroxy-, and their 
lactones, salts and derivatives of 
(EDWARDS), 747. | 

1-Carboxycyc/ohexane-1-acetic acid, 
preparation of, and its anhydride 
(ROTHSTEIN and THORPE), 2015. 

cis-o-Carboxycyclohexaneacetic acid, 
preparation of (Kon and QupDRatT-I- 
Kuupa), 3071. 

o-Carboxy-a-hydroxycinnamic acid p- 
nitrophenylhydrazide (RowE, LEVIN, 
Burns, Daviss, and TeprEr), 705. 

B-(2-Carboxy-3:4-d:hydroxyphenyl) 
ethylamine, f#-hydroxy-, and its 
hydrochloride (Epwarps), 746. 

a- and w-4-Carboxy-2-ketocyclopentyl- 
methylsuccinic acids (INGOLD and 
SHOPPEE), 1916. 

2-Carboxy-5- and -7-methoxyindole-3- 
acetic acids (PERKIN and RUBEN- 
STEIN), 361. 

m-Carboxyphenyl methyl sulphoxide, 
preparation aud resolution of (HARRI- 
son, Kenyon, and PHILIPs), 2087. 

o-Carboxyphenylethylamines, _substi- 
tuted (Epwarps), 740. 

m-Carboxyphenylsulphuric acid, potas- 
sium sait (BURKHARDT and Lap- 
WORTH), 689. 

Carone, catalytic hydrogenation of 
(Iyer and SIMONSEN), 2049. 

B-Caryophyllene, action of chromyl 
chlonde on (G1BsON, ROBERTSON, and- 
Sworp), 165. 

Caryophyllene series (HENDERSON, 
RoBERTSON, and KERR), 62. 

Caryophyllene alcohol (HENDERSON, 
RoBERTSON, and KERR), 66. 


Caryophyllene glycol (HENDERSON, 
RoBERTSON, and Krrr), 68. 
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Caryophyllol, and its dibromide (HEN- 
DERSON, ROBERTSON, and KErRk), 65. 
Catalytic reactions, acid and salt effects 
in (Dawson and CARTER), 2282 ; 
(Dawson and DEAN), 2872 ; (DAwson 

and Hoskins), 3166. 

Catechol. See Pyrocatechol. 

Cedrene, action of chromy] chloride on 
(G1iBsoN, RoBERTSON, and Sworp), 166. 

Cells, electrochemical, alternating- 
current (HEDGEs), 1892. 

Cellulose, degradation of (IRVINE and 
ROBERTSON), 1488. 

Charcoal, low temperature oxidation 
with (RIDEAL and WricHT), 1813, 
3182. 

blood, catalytic activity of (RIDEAL 
and WricuHt), 3182. 

Chemical constitution. See under Con- 
stitution. 

Chloral, condensation of phenols with 
(CHATTAWAY), 2720. 

Chloral hydrate, effect of heat on 
(MouNFIELD aud Woop), 498. 

Chlorine dioxide, vapour pressure of 
(KinG and PaRTINGTON), 925. 

Chloroauric acid. See under Gold. 

Chromium, removal of, from amalgams 
(RussKLL, Evans, and RowE bh), 1872. 

Chromium salts, reactions of, with 
sodium acetate, oxalate, and tartrate 
(Britton), 269. 

Chromic chloride hexahydrates, mis- 
cibility of dilute solutions of 
(Howakpand PatrErson), 2791. 

nitrate hydrates (PARTINGTON and 
TWEEDY), 1142. 

Chromyl chloride, oxidation of 
sesquiterpenes by (GIBSON, ROBERT- 
son, and Sworp), 164. 

Chromic acid, oxidation of sesquiter- 
penes by (G1Bson, ROBERTSON, and 
SworpD), 164. 

Chromates, basic, electrometric pre- 
cipitation of (BRITTON), 125. 

Chrysin, synthesis of (RoBInson and 
VENKATARAMAN), 2347. 

Chrysogen, absorption spectrum of 
(CAPPER and Marsa), 725. 

alloCinnamic acid, o-cyano-, preparation 

of (EpwARps), 815. 

Cinnamic acids, and their amides, sub- 
stituted derivatives of (HARRISON 
and Woop), 1195. 

7-Cinnamoyloxy-4’-methoxy-2-styryl- 
isoflavone, 5-hydroxy- (BAKER and 

RoBINsoNn), 2718. 

Citraconic acid, ethyl ester, action of 
ethyl sodiomalJonate on (INGOLD and 
SHOPPEE), 1912. 

Coal, composition of (Francis and 
WHEELER), 1410. 
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Cobalt, electro-deposition potential of 
(GLASSTONE), 2887. 
periodic passivity of (HEDGEs), 2878. 
removal of, from amalgams (RUSSELL, 
Evans, and RowE.t), 1872. 

Cobalt alloys with iron and nickel, 
electro-deposition potentials of (GLAS- 
STONE), 2897. 

Cobalt peroxide as catalyst (CHIRNOAGA), 
1695. 

Cobalt organic compounds, complex, 
with oximes (TAYLOR and EwBANnk), 
2818. 

Codeine, oxidation of (CAHN and RoBIN- 
son), 908. 

Colloids, protective and 
WILLIAMS), 2424. 

Colloidal solu'ions, absorption of gases 
by (GATTERER), 299. 

Colour, theory of (Durr), 1171. 
and constitution (HopGsoN 

HANDLEY), 542. 

Colouring matters. See Hemoglobin. 

Compounds, conjugated, properties of 
(FARMER and Koss), 1570. 

sparingly soluble, determination of 
solubility of (MITCHELL), 1333. 
spiro-Compounds, formation and stability 
of (RorHSTEIN and THORPE), 2011. 

Conessine, and its derivatives (KANGA, 
AyyAnk, and SIMONSEN), 2123. 

e@poConessine, and its salts (KANGA, 
AyyYAR, and SIMONSEN), 2125. 

Constitution, chemical, and optical 

rotatory power (SINGH and PurI), 
504; (HARRISON, KENYON, and 
SHEPHERD), 658; (DoMLEO and 
KrEnyon), 1841; (HARRISON, 
KENYON, and PHILLIPs), 2079. 

and colour (Hopcson and Hanp- 
LEY), 542. 

and trypanocidal action (HEwITr 
and Kine), 817; (Hewi17, 
Kiyo, and Murcn), 1355. 

Co-ordination and residual affinity 
(MorGAan and SmirTH), 912 ; (MorGAN 
and BursTAatt), 2018; (Morcan, 
CARTER, and Harrison), 2027. 

Copaene, new source of (HENDERSON, 
M’Nas, and Rospertson), 3077. 

Copper, formation of oxide films on 
(VERNON), 2273. 

action of sulphuric acid on (RoGERs), 
254. 

Copper compounds, co-ordination, 
optical activity of (MILLs and Gorrts), 
312i. 

Copper hydrides, and their crystal 
structure (MULLER and BRADLEY), 
1669. 

sulphates, 


(SUGDEN 


and 


basic (Fow ks), 1845; 


(Britton), 2868. 
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Copper organic compounds :— 

with ethylenediamine (MorGAN and 
BuRsTALL), 2018. 

complex, with oximes (TAYLOR and 
EWBANK), 2818. 

Cupric compcunds with ethylenedi- 
amiuobisacetylacetone (Morcan 
and Smirn), 918. 

Copper anodes. See under Ancdes, 
Corrosion, liquid-line (HEDGEs), 831. 
Cosmetic, Egyptian, from the tomb of 

Tut-ankh-Amen (CHAPMAN and PLEy- 

DERLEITH), 2614, 

isoCreosol, and dinitro-, and their salts 


and derivatives (GRAESSER- 
Tuomas, GULLAND, and Rosy. 
sON), 1972. 
2-nitro-6-amino-, and its acetyl 


derivative (GULLAND and Rosin- 
son), 1979. 

m-Cresol, chloro-derivatives, and their 
derivatives (GiBson), 1424. 

Cresols, halogen derivatives, and their 
amino- and nitroso-derivatives 
(Hopeson and Moore), 2036. 

Crotonic acid series (PHILLIPs), 2979. 

Crotonylcarbamides (PHI1.LIPs), 2981. 

Cryptopine, s\nthesis of (HAWorTH and 
PERKIN), 1769. 

a-alloCryptopine. See 
donine. 

Crystals, structure of, in relation to 
length of chain in organic com- 
pounds (PirER, MALKIN, and 
AusTIN), 2310. 

variation of angles of, during growth 

(Hepes), 791. 

Cubebol, and its derivatives (HENDER- 
son and ROBERTSON), 2815. 

Cupribenzoylpyruvic acid, strychnine 
salt (MILLs and GorTs), 3130. 

Cyanogen :— 

Hydrocyanic acid, specific heat of 
(INGOLD), 26, 2816; (PARTING- 
TON), 1559. 

potassium salt, equilibria of form- 
ation of double salts of, with 
cadmium, mercury, nickel, and 
zinc cyanides (CorBEr), 3190. 
Cyanates, comparison of the physical 
properties of azides and (CRANSTON 
and LIVINGSTONE), 501. 

Cyclic compounds, formation of, from 
halogenated open-chain derivatives 
(HAsSSELL and INGOLD), 1465; (Goss 
and INGoLp), 1471. 


B-Homocheli- 


dD. 


Decahydro-B-naphthamides (Kay and 
STUART), 3038. 
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Dehydro-anhydrolaudaline-4-amino-3- 
methoxytoluene, 4-acetyl derivative, 
methiodide (ROBINSON and SHINoDA), 
1994. 

Delphinidin chloride 3-methyl ether 
(GATEWoop and Ropinson), 1959. 

Deoxytetrahydro-a-methylmorphi- 
methine perchlorate (CaHN), 2565. 

Dextrose, structure of (CHARLTON, 

Haworth, aud Peat), 89 ; (HIRsT), 
350. 
action of, on zirconium chloride 
solutions (BRITTON), 269. 
s-Di-5-acenaphthylcarbamide (Narrand 
SIMONSEN), 3143. 

Diacetophenonethiocarbohydrazone, 
sodium derivative (STEPHEN and 
TurNER), 2537. 

2:6-Diacetoxy mercuri-p-isoamylphenol, 
and its potassium salt (HENkY aud 
SHARP), 2435. 

2:6-Diacetoxy mercuri-p-tert.-butyl- 
phenol (HENRY and SHarp), 2434. 

Diacetoxymercuricarvacrol (HENRY and 
SHARP), 2436. 

Di-(acetylaminobenzenediazonium 
chlorides)-antimony trichloride 
(Gray), 3177. 

Diacetylsuccinic acid, ethyl ester, 
absorption spectra of (Morron and 
RoGers), 713. 

Diamines, diazotised, action of anti- 
mony trichloride on (GRAY), 3174. 
4:4’-Dianilinodiphenyl, 3:3’-dinitro- 
(Le Fivre and TurNER), 2048. 

9:10-Dianilino-9:10-dipheny1-9:10.-di- 
hydroanthracene (INGOLD and MAr- 
SHALL), 3083. 

9:10-Di-p-anisylanthracene (INGOLD and 
MARSHALL), 3086. 

9:10-Di-p-anisyl-9:10 dihydroanthra- 
cene, 9:10-dihydroxy- (INGoLD and 
MAKSHALL), 3086. 

Di-p-anisyltelluridichloride (MorGAN 
aud KELLETT), 1085. 

p-Diazoiminobenzene, salts of (GRAy), 
3178. 

4-Diazomethylaminodiphenyl (BELL, 
KENYON, and Roprnson), 1246, 

5-Diazo-3. propyl-1:2:4-triazoles, chloro- 
aurates of (RELLY and Drumm), 
1735. 

9:10-Dibenzoy1-9:10-dihydroanthracene 
(Cook), 1653. 
Dibenzoylmethanes, substituted, hydro- 


lysis of (BRADLEY and Rosrnsoy), 


2356. 
10:10’-Dibenzoyl-9:9’:10:10’-tetrahydro- 
9:9’-dianthranyl, and its diacetate 
(Cook), 1680. 
4:4’-Di-1”:2”:3”- benztriazolyldiphenyl 
(TuckER), 3036. 


Dibenzyl. Sce s-Diphenylethane. 

Dibenzylacetic acid, methyl ester (HILL), 
9536. 

Dibenzylacetoacetic acid, ethyl ester, 
reduction of (HILL), 956. 

Dibenzyldimethylammonium picrate 
(Goss, LNGoLD, and WILSON), 2462, 

Dibenzylethylbutylstannane (Law), 
3243. 

Dibenzyl ketone 5-anilinosemicarbazone 
(BalrD and WILson), 23738. 

Dicarbazyls (TUCKER), 3033. 

Dicarbethoxyaminodiphenyl p-di- 
sulphide (CHILD and SmILEs), 2698. 

Dicarbomethoxyaminodiphenyl p-di- 
sulphoxide (CHILD and SmILEs), 2698. 

Dicarbomethoxyarabinose carbonate 
(HAworTH and Maw), 1752. 

Dicarboxycyclopentenylmalonic acid, 
ethyl ester (INGOLD, SHOPPEE, and 
THORPE), 1487. 

Dicarboxycyc/opentylidenemalonic acid, 
ethyl ester (INGoLD, Suoppex, and 
THORPE), 1457. 

85-Dicarboxysuberic acid (INGoLD and 
SHOPPER), 1917. 

dl-Dicentrine, resolution of (HAWORTH, 
PERKIN, and RANKIN), 29. 

Di-o-diphenylenesilicium(W1pDowson), 
958. 

Dielectric constants of mixed organic 
Jiquids (KER), 2796. 

2:3-Diethoxybenzyl alcohol, and 
5-bromo- aud 5-nitro- (RUBENSTEIN), 
650. 

2:3-Diethoxycinnamic acid, and 5-nitro- 
(KUBENSTEIN), 652. 

Diethyl ketone 5-anilinosemicarbazone 
(BaIRD and WILson), 2371. 

Difiluorescein (Dutt), 1180. 

Dicvclohexylphenylarsine, and its 
derivatives (RobERTs, TURNER, and 
Bury), 1446. 

Dihomopiperonylamine, dinitro- (PER- 
KIN, RAy, and Roprnson), 948. 

Dihydroanthraphenone, derivatives of 
(Cook), 1681. 

9:10-Dihydroanthraphenone, 9:10-dz- 
chloio- and -dinitro- (Cook), 1286. 

7:12-Dihydrobenzophenarsazine, 12- 
chloro- (BURTON and GrBson), 2243. 

Dihydrocodeine, dihydroxy-, and its 
triacetyl derivative (CAHN and 
Rosinson), 910. 

Dihydrodeoxytetrahydro-ca-methyl- 
morphimethine, aud iis salts (CAHN), 
2567. 

Dihydrodianthranyl, and dibromo-, 
dichlorodinitro-, and nitro- (Mart- 
THEWs), 239. 

Dihydrodibenzphenarsazines, _ chloro- 
(BuRTON and Gipson), 462, 
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Dihydro-dihydrothebainonemethine, and 
its perchlorate (CAHN), 2571. 
4:5-Dihydroiminazole-2-thioglycollic 
acid, esters and lactam of (STEPHEN 
and WILson), 2535. 
Dihydromethyldihydrothebainonemeth- 
ine, and its derivatives (CAHN), 2570. 
Dihydropentazines, substituted (CHATT- 
AWAY and Parkgs), 113. 
5:10-Dihydrophenarsazine, 10-bromo- 
and 10-iodo-(BuRTON and Grsson), 
463. 


10-chloro-, and its derivatives 
(BURTON and GriBson), 450, 464, 
2241. 


di- and tri-chloro- and 10-chloro- 
l-amino-, hydrochlorides (BuRTON 
and Gipson), 2245. 

isoDihydroprotopine chlorides 

WorTH and PERKIN), 1781. 

1:2-Dihydroquinaldine, synthesis of 

(Mason), 955. 

Dihydrosuberocolic acids 

INGOLD), 1474. 

3:5-Diketo-1-benzylcyclohexane 

STEAD and WILLIAMS), 2743. 

1:3-Diketodecahydronaphthalene 

and QUDRAT-I-KHUDA), 3071. 

1:3-Diketodecahydronaphthalene- 
4-carboxylic acid, ethyl ester (Kon 

and QupDRAT-I-KHuUDA), 3071. 

2:4-Diketo-3:5-diphenyltetrahydrothi- 
azole-2-isopr ge gg 

(STEPHEN and WILSoN), 2534. 

B- sense carboxylated (MORGAN 

and PorTeErR), 1256, 

2:4-Diketo-3-phenyl-5-ethyltetrahydro- 
thiazole, and its 2-isopropylideue- 
hydrazone (STEPHEN and WILSON), 

2534, 

2:4-Diketo-3-phenyltetrahydrothiazole- 
2-isypropylidenehydrazone (STEPHEN 

and WILson), 2534. 

2:4-Diketotetrahydrothiazole, 3-amino-, 
and its hydrazone, hydrochlorides and 
benzylidene derivatives (STEPHEN and 

Witson), 2538. 

leuco-Dimalachite-green, 

acetate (DuTr), 1179. 

Di-Meldola’s blue (Dutt), 1180. 
aa’-Dimethoxyazelaic acid, and its silver 


(Ha- 


(Goss and 
(Lin- 


(Kon 


and its di- 


salt and derivatives (Goss and 
INGOLD), 1476. 
2:3-Dimethoxybenzoic acid, 5-amino- 


(RUBENSTEIN), 652. 
3:4’-Dimethoxybenzophenone (LEA and 
Rosrnson), 2355. 
2:3-Dimethoxybenzyl alcohol, 5-bromo- 
and 5-nitro- (RUBENSTEIN), 649. 
2(2:3-Dimethoxybenzylidene)-1-hydr- 
indone (PERKIN, RAy, and Ropinson), 
952. 
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2:3-Dimethoxycinnamic acids, 5- and 
6-nitro-, and their ethyl esters 
(RUBENSTEIN), 652. 

Dimethoxydiazobenzenesulphonic acids, 


ammonium salts (PERKIN and 
RUBENSTEIN), 359. 
6:7-Dimethoxy-1-(8-dimethylamino- 
ethyl)phenanthrene, and its salts 
(RoBINSON and SHINODA), 1994. 
5:5’-Dimethoxydiphenyl disulphides, 


2:2’- and 4:4’-dinitro- (HopGson and 
HANDLEY), 543. 
3’:4’-Dimethoxyflavylium salts, and 
7-hydroxy- (RoBERTSON and Rosin- 
SON), 1952. 
1:3-Dimethoxy-5-cyc/ohexane-0:1:2- 
spirobicyclopentene, 4-nitro- (HASSELL 
and INGOLD), 1840. 
5:6-Dimethoxy-1-hydrindone, 2-bromo-, 
and 2-cyano- (PERKIN, RAy, and 
ROBINSON), 948. 
5:6-Dimethoxy-1-hydrindone-2-carb- 
oxylic acid, ethyl ester (PERKIN, 
RAy, and Kopinson), 949. 
5:6-Dimethoxy-1-hydrindoneresorcinol 
(PERKIN, KAy, and Roprnson), 949. 

Dimethoxydihydroxydistyryl ketones 
(McGookIN and Sinciarr), 1579. 

3:7-Dimethoxy-2:6-dihydroxythi- 
anthren disulphide, and its diacetyl 
derivative (SEN and RAy), 1140. 

2:3[5:6-Dimethoxyindeno(1:2) |dimeth- 
oxybenzopyrylium ferrichlorides (PEr- 
KIN, KAy, and Ropinson), 952. 

2:3[5:6-Dimethoxyindeno(1:2) |-8-meth- 
oxybenzopyrylium ferrichloride (PER- 
KIN, RAy, and Rosrnson), 953. 

2:3[5:6-Dimethoxyindeno(1 2)]-6:7- 
methylenedioxybenzopyrylium ferri- 
chloride (PERKIN, RAy, and Rosiy- 
SON), 952. 

5:6-Dimethoxyindole-2-carboxylic acid, 
ethyl ester (PERKIN and RUBENSTEIN), 
360. 

3:4-Dimethoxy-a-methylcinnamalde- 
hyde, 6-nitro- (WILLIMOTT 
Simpson), 2810. 

6:7-Dimethoxy-1-(3’:4’-methylenedioxy- 
w-cyanobenzy1)-2-methyltetrahydro- 
isoquinoline (EDwWAkpDs), 744. 

7:4’-Dimethoxy-2-methyliscflavone, 
5-hydroxy- (BAKER and Rosinson), 
2718. 

6:7-Dimethoxy-3-methylquinoline, and 
its salts (WILLIMoTT and Srmpson), 
2810. 

Dimethoxyphenylhydrazines, and their 
hydrochlorides (PERKIN and RuBEN- 
STEIN), 3 

B-3:4-Dimethoxyphenyl-a-methylhydr- 
acrylaldehyde, 8-6-nitro- (WILLIMOTT 
and Simpson), 2810. 


and 


awn 


it 


; 
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Dimethoxyphenylhydrazinosulphonic 
acids, ammonium salts (PERKIN and 
RUBENSTEIN), 359. 

3:4-Dimethoxyphenyl 3:4-methylene- 
dioxy-8-phenyl-a-aminoethyl ketone, 
and its salts and derivatives (CAMP- 
BELL, HawortTH, and PERKIN), 38. 

3:4-Dimethoxyphenyl 3:4-methylene- 
dioxy-8-phenylethyl ketone, and its 
derivatives (CAMPBELL, HAWORTH, 
and PERKIN), 37. 

aa’-Dimethoxypimelic acid, silver salt 
and ethyl ester of (HassELL and 
INGOLD), 1469. 

aa’-Dimethoxypimelic acids, and their 
amides (HASSELL and INGoLD), 1470. 

3’:4’-Dimethoxystilbene, 4-chloro-2- 
amino-, 4-chloro-2:6’-diamino-, acetyl 
derivative, 4-chloro-2-nitro-, 4-chloro- 
2:6’-dinitro-, 2-nitro-4-amino-, and 
their salts and derivatives (ASHLEY), 
2805. 

7:4’-Dimethoxy-2-styryl-6-methyliso- 
flavone, 5-hydroxy-, and its acetyl de- 
rivative (BAKER and ROBINSON), 2719. 

3:4-Dimethoxystyryl veratryl ketone 
(PERKIN, RAy, and Rosrnson), 951. 

aa’-Dimethoxysuberic acids (Goss and 
INGoLD), 1475. 

i-Dimethoxysuccinic acid, methy] ester 
audamide(HawortH and Hirst),1865. 

Dimethoxysuccinic acids, borny] esters, 
and their rotation (PATTERSON, FuL- 
TON, and SEMPLE), 3224. 

6:7-Dimethoxytetrahydrocarbazole 
(PERKIN and RUBENSTEIN), 360. 

p-Dimethylamino-p’p’’-diaminotri- 
phenylmethane (Dutt), 1175. 

p-Dimethylaminobenzaldehyde meth- 
iodide (FAIRBOURNE and WooDLEYy), 
3241. 

4-Dimethylaminobenzaldehyde, 3-bromo- 
and 3-nitro-, condensation of ethyl 
acetoacetate with ammonia and 
(HINKEL and Manet), 161. 

p-4-Dimethylaminobenzeneazo-p’p”’-di- 
aminotriphenylmethane (Dutt), 1175. 

p-Dimethylaminobenzylidene penta- 
erythritol, and its methiodide (Farr- 
BOURNE and WouDLEy), 3240. 

4-Dimethylaminodiphenyl, and its 
amino-, nitro-, and nitroso-derivatives 
and their derivatives (BELL and 
Kenyon), 2707. 


4-Diethylaminodiphenyl, bromo- (KEn- 


YON AND Rosrnson), 3052. 
6’-Dimethylaminodiphenylarsinic acid, 
2-bromo- (BURTON and Gipson), 458. 
4-p-Dimethylaminopheny]-2:6-dimethy1- 
1:4-dihydropyridine-3:5-dicarboxylic 
acid, 4-m-bromo- and 4-m-nitro-, ethyl 
esters (HINKEL and MADEL), 162. 


4-p-Dimethylaminopheny]-2:6-dimethyl- 
pyridine-3:5-dicarboxylic acid, 4-m- 
bromo-, and 4-m-nitro-, ethyl esters 
(HINKEL and MADEL), 163. 

4-Dimethylamino-9-styrylxanthylium 
chloride, 3:6-dihydroxy- (ATKINSON 
and HEILBRON), 683. 

Dimethylaniline, p-iodo-, action of 
nitrous acid on, and 4-iodo-2-nitro- 
(AITKEN and REapDg), 1896. 

4:4’-Dimethylanilinodiphenyl, 3:3’-di- 
nitro- (LE Fk&vre and TuRNER), 
2048. 

NN-Dimethyl-o-anisidine, 4-nitro-(C. K. 
and E. H. INGotp), 1326. 

2:6-Dimethylbenzbisthiazole hexa- 
bromide (HUNTER), 535. 

3:5-Dimethylbenzthiazole, 1-amino-, 
and its tetrabromide (HUNTER), 1399. 

2:8-Dimethyl1-5:10-dihydrophenars- 
azine, 10-chloro-, and its 5-acetyl deriv- 
ative (BURTON and GrBson), 468. 

Dimethyl glucose, new crystalline form 
of (HAWorTH and SrpGwick), 2573. 

n-Dimethyloctan-e-one (JONES), 2769. 

1:1-Dimethy]l-A?-cyclopenten-2-0l-4-one, 
and 3-bromo- (ROTHSTEIN and 
THORPE), 2017. ; 

2:8-Dimethylphenarsazinic acid, and 
its salts and N-acetyl derivative 
(BuRTON and GrBson), 469. 

10:10-Dimethylphenoxarsonium iodide 
(RoBErts and TURNER), 1209. 

dl-cis-2:5-Dimethylpiperazine, prepar- 
ation and resolution of, and its deriv- 
atives (K1ppinG and Pope), 1076. 

trans-2:5-Dimethylpiperazine, formation 
of, from di-alanine (Kiprine and 
Pope), 494. 

d- and l-cis-2:5-Dimethylpiperazine-d- 
bismethylenecamphor (Kiprinc and 
Pope), 1078. 

2:5-Dimethyl-2-isopropenylcyclohexan- 
one, and its semicartazone (Kon and 
NUTLAND), 3110. 

3:6-Dimethyltetrahydrocarbazole, and 
its picrate (OAKESHOTT and PLANT), 
1213. 

Di-8-naphthylvinyl ketone (GIBSON, 
HARIHARAN, MENON, and SIMON- 
SEN), 2257. 

Diphenic acid, 8-dinitro-, constitution 
and resolution of, and its derivatives 
(CHRISTIE, HoLDERNEsS, and KEn- 
NER), 671. 

4:6:4’-trinitro-, and 4:6:4’:6’-tetra- 
nitro-, and their derivatives (CHRIS- 
TIE and KENNER), 473. 

Diphenoxtellurylium sulphates (DREW), 

3067. 


ditelluride 


5 T 


pp’-Diphenoxydipheny] 
(DREW), 228. 
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4:4’-Diphenoxydiphenyl, 3:3’-dinitro- 
(Le Fkvre and TurNER), 2048, 

pp’ -Diphenoxydiphenyltelluridichloride 
(DREw), 227. 

Diphenyl, space formula of (LE FivRE 
and TURNER), 2476. 

Diphenyl, 4-amino-, and 4-hydroxyl- 
amino-, and their derivatives 
(Bett, Kenyon, and Rosinson), 
1243. 

8:4-diamino-, and its derivatives, 
4-amino-4’-hydroxy- and 3-nitro-4- 
amino-, derivatives of (BELL and 
Kenyon), 2708. 

8:5-dibromo-, mono-, di- and tri-bromo- 
amino-, 3:4-dichloro-, mono-, di-, 
and iri-chloroamino-, and _ their 
acetyl derivatives (SCARBOROUGH 
and WATERs), 557. 

bromoamino-, bromonitroamino-, and 
chloroamino-derivatives (KENYON 
and Roprnson), 3050. 

bromoamino-, bromonitro-, bromo- 
nitroamino-, chloronitro- and 
chloronitroamino-, and their deriv- 
atives (LE Fivre and TuRNER), 
2043. 

4:4’-dibromo-2:3’-diamino-, 4:4’-di- 
bromo-2:3’-dinitro-, 4:4’-dichloro- 
2:3’-dinitro-, and their derivatives 
(DENNETT and TURNER), 478. 

4-chloro-3:3’-dinitro-4’-amino-, and 
4:4’-dichlorodinitro-, isomeric, and 
3:5’-dinitro-4’-amino-4-hydroxy- 
(Hopeson and GorowaRaA), 1754. 

4-hydroxy-, derivatives of (BELL and 

ENYON), 3044. 

diiodonitro-derivatives 

2385. 
Diphenyl series, orientation in (DEN- 


(Hopcson), 


NETT and TURNER), 476; (BELL, 
Kenyon, and RoBINson), 1239; 
(Hopeson and GorowaRA), 1754; 


(Le Fiévre and TurRNER), 1759, 2041; 
(Hopeson), 2384; (BELL and KEn- 
YON), 2705, 3044; (KENYON and 
Rosinson), 3050. 
Diphenylamine, pp’-dichloro- (BURTON 
and Gipson), 2246. 
Diphenylamine-p-arsinic acid, and its 
N-acetyl derivative (BURTON and GIB- 
SON), 460. 
3-Diphenylaminosemicarbazide hydro- 
chloride, benzylidene derivative 
(BAIRD and Wi1son), 2375. 
Diphenylanisylmethoxyphosphorus di- 
chlorides (Boyp and SMITH), 2329. 
Diphenyl-p-anisylmethylphosphinic 
acid (Boyp and SmirxH), 2329. 
9:10-Diphenylanthracene, bromo- and 
chloro-derivatives (INGOLD and Mar- 
SHALL), 3085. 
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Diphenylarsinic acid, 2-bromo-6’-amino- 
and -6’-nitro- (BURTON and Gipson), 
457. 

1:3-Diphenylbarbituric acid, 5-bromo., 
hydrazide (MacBETH, NuNAN, and 
TRAILL), 1252. 

Diphenylbenzidine, di-o-amino- and di- 
o-nitro-,» and their derivatives 
(TuckER), 3034. 

d-a8-Diphenyl-a8-dibenzylethyl alcohol 
_— Roger, and WILLS), 

90. 

Diphenyl1-3:3’-dicarboxylic acid, 2:2’-di- 
nitro-, and its ethyl] ester (Burton, 
HAMMOND, and KENNER), 1804. 

9:10-Dipheny]-9:10-dihydroanthracene, 
and its metallic derivatives and 
bromohydroxy-, dichlorodibromo-, 
and chlorohydroxy-derivatives (In- 
GOLD and MARSHALL), 3085. 

1:5-Diphenyl-1:4-dihydropentazine, 1- 
2:4-dibromo- (CHATTAWAY and 
ParkKEs), 116. 

s-Diphenylethane, 3:4’-diamino-, and its 
derivatives (HARRISON), 1236. 

aB8-Diphenylethyl alcohol, 3:4’-dinitro- 
(HARRISON and Woop), 580. 

3:5-Diphenylimino-2:4-diphenyltetra- 
hydro-1:2:4-thiodiazole octabromide 
and heraiodide (HUNTER), 536. 

Diphenylnaphthylmethoxyphosphorus 
dichlorides (Boyp and Smirn), 
2330. 

Diphenylnaphthylmethylphosphinic 
acids, and their salts (Boyp and 
SMITH), 2331. 

r- and /-aa-Diphenyl-n-propyl alcohols, 
B-amino- (McKENzIE, KoceEr, and 
WILLs), 786, 790. 

Diphenyl disulphide pp’-diarsinic acid, 
and its barium salt (HEwiTT, KING, 
and Murcx), 1369. 

1:4-Diphenyl-1:2:3:5-tetrazole, 1-2:4- 
dibromo- and 1-2:4-dibromo-4-m-nitio- 
(CHATTAWAY and ParkEs), 114. 

s-Diphenylthiocarbamide, di-2:3-di- 
chloro- and -3:4:5-trichloro- (Dyson, 
GrorGr, and HunTER), 3042. 

5:7-Diphenylthiol-8-hydroxyquinoline, 
bis-2’:5’-dichloro- (Brooker and 
SmILEs), 1729. 
2:4-Diphenylthiol-l-naphthol, chloro- 
derivatives (BROOKER and SMILES), 
1728. 

Diphenyl-p-tolylmethoxyphosphorus di- 
chloride (Boyp, SMITH, and TULLY), 
2331. 

Diphenyl-p-tolylmethylphosphinic acid, 
and its potassium salt (Boyp and 
SMITH), 2332. 

Diphenylyl-4-acetylchloroamine (BELL, 

Kenyon, and Rosinson), 1246. 
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Diphenylylphenylthiocarbamide, 4’- 
amino- (LE Fivre aud ‘uRnEn), 
2484. 

Dipheuylylthiocarbamic acid 4’-amino-, 
phenyl ester (LE Frvreand TurNER), 
2483. 


Diphthalylbenzidine, uitration of 
(Hopeson), 2384. 
Dipiperonylisobutyrophenone,  di-w-6- 


nitro- (PERKIN, RAy, and RoBrinson), 
947. 

3:3’-Di-n-propyl-5:5’-azo-1:2:4-triazole 
(REILLY and Drumm), 1733. 

Diisopropylidenemannose, rotation and 
methylation of (InvINE and SKINNER), 
1089. 

Di-n- and -iso-propyl ketones, 5-anilino-, 
semicarbazones of (BAIkD and WIL- 
son), 2372. 

Dipyronine G@ (Dutt), 1179. 

Disaccharides, constitution of (CooPEr, 
HawortH, and Prat), 876; (Ha- 
worTH and PRAT), 3094. 

Dispersoids, fixation of methylene-blue 
by (Fopor and Riw11y), 102. 

Ditellurodipropionic acid, and its salts 
(MorGAN and KELLETT?), 1088. 


4:4’-Ditolyl, nitro-derivatives (DEN- 
NETT and TURNER), 480. 
9:10-Di-p-tolylanthracene, and _ its 


potassium and sodium derivatives 
(INGOLD and MARSHALL), 3085. 
9:10-Di-p-tolyl-9:10-dihydroanthracene, 
9:10-dihydroxy- (INGoLD and Marsu- 
ALL), 3085. 
5:7-Di-p-tolylthiol-8-hydroxyquinoline 
(BrooKER and SMILgs), 1729. 

Di-p-tolylthiolphenylacetonitrile 
(BrooKER and SMIL&s), 1726. 

Dodecahydrosqualene (HEILBRON, HIL- 
DITcH, and Kamm), 3135. 

Drying, intensive, effect of, on inner 
equilibria (Smits), 2655; (SMITs, DE 
LigrpE, Swart, and CLAASSEN), 
2657. 


E. 


Earths, rare, ultra-violet spectra of 
(GARDINER), 1518. 

Elaidic acid, oxidation of, and its deriv- 
atives (HILpITcH), 1828. 

Electrochemical phenomena, periodic, 
at al and silver anodes (HEDGES), 
1533 


Electrodes, hydrogen, precipitation 
studies with (Brirron), 125. 

Electrolysis, alternating current, ar- 
rangement for (SAND and LLoyp), 2971. 

Electrolytes, strong, hydration of, and 
Viscosity of their aqueous solutions 
(SucpEN), 174. 
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Electrolytic polarisation (GLAssTONE), 
2807, 2397. 

Emulsions, photographic. 
Photographic, 

Equilibria, inner, effect of intensive 
drying on (Smits), 2655; (SMITSs, DE 


See under 


LIEFDE, SWART, and CLAASSEN), 
2657. 
Erbium, ultra-violet spectrum of 


(GARDINER), 1518. 

Esters, alkaline hydrolysis of, in aqueous 
alcoholic solution (GYNGELL), 2484. 
Esters, sparingly soluble, rate of hydro- 
lysis of (SmiTH and Paterson), 940. 
Ethane, s-‘etrabromo-, action of, on 

organic bases (FULTON), 197. 
Ethanolbisethylenediamminocupric 
iodide, and its thermal properties 
(MoRGAN, CARTER, and HaRRIsSoN), 
2028. 
2-Ethoxyanisole, 4:5-dinitro- (ALLAN 
and Rosinson), 378. 
4-Ethoxyanisole, nitro-derivatives 
(RoBINSON aud SmirH), 395. 
2-Ethoxybenzaldehyde, 5-nitro-, semi- 
carbazone (CHATTAWAY), 2725. 
crystallography of (CHATTAWAY 
and CuRJEL), 3214. 
2-Ethoxybenzoic acid, 5-nitro- (CHATT- 
AWAY), 2724. 
10-Ethoxy-1-hydroxy-4:9-anthraquin- 
one (GREEN), 1434. 
w-Ethoxymethylsuccinamide (INGOLD, 
SnHoprEE, and THorpPE), 1487. 
dl-2-Ethoxyphenylglycollic acid, 5- 
nitro-, and its silver salt and acetyl 
derivative (CHATTAWAY), 2724. 
2-p-Ethoxyphenylpyridine, and _ its 
picrate (ForsyTH and PyMAN), 2918. 
Ethyl alcohol, equilibria of, with alkali 
and alkaline-earth salts (BONNELL 
and Jongs), 318. 
influence of dissolved salts on mis- 
cibility temperatures of mixtures of 
paraffins with (Howarp and Pat- 
TERSON), 2787. 
action of iodine on, in presence of 
aluminium and water (JoNEs and 
GREEN), 2760. 
reactions of, with substituted carbamyl] 
chlorides (PRICE), 8230. 
Ethyi cther, flame spectra of (EMELEUs), 
2948. 
iodide, preparation of (JoNES and 
GREEN), 2760. 
reactions of, with sodium phen- 
oxides in alcoholic solution 
(GoLDsworTHy), 1254. 
hydrogen sulphate (HamID, SINGH, 
and DUNNICLIFF), 1098, 
1-Ethylaminobenzthiazole, and its di- 
bromide (HUNTER), 2954. 
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1-Ethylaminobenzthiazole, 5-bromo-, 
and its dibromide (HUNTER and 
SoyKa), 2962. 

2-Ethylamino-8-naphthathiazole, and 
its tetrabromide (Dyson, HuNTER, 
and SoyKA), 2966. 

9-Ethylearbazole, 3:6-diiodo- (TUCKER), 
552. 


p-Ethylcarbonato-m-methoxy benzoic 
acid, and its anhydride (Heap and 
Rosinson), 2348. 
2-Ethyl-1:2-dihydrobenzthiazole, 1-im- 
ino-, and its bromides (HuNnTER), 1394. 
Ethylene, reaction of bromine with 
(Norris and Jongs), 55. 
bromohydrin, preparation of (Mc- 
DowaAa.t), 499. 
Ethylened‘aminobisacetylacetone, com- 
pounds of, with copper, nickel, and 
palladium salts (MoRGAN and SMITH), 
918 


Ethylenebisacetylacetone, keto-enolic 
isomerism of, and its oximes (MoRGAN 
and TAYLOR), 43. 

Ethylenediamine, complex copper salts 

with (Moreanand BursTALL), 2018. 

compounds of, with copper, nickel, 
and palladium compounds of ethy)- 
enediaminobisacetylacetone (Mor- 
GAN and SmIrTH), 918. 

Ethyl-a-A!-cyclohexenylmethyl 
ketone semicarbazone (KoN 
SmiItH), 1797. 

1-Ethylimino-1:2-dihydrobenzthiazole 
dibromide (HunTER and SoyKa), 
2962. 

2-Ethyl-2-A'-cyclopentenylcyclopentan- 
one, and its derivatives (Kon and 
Nut.Lanp), 3107, 

2-Ethyl-2-isopropenylcyclopentanone, 
and its semicarbazone (Kon and 
NvuTLAnp), 3108. 

a-Ethylstyrene (JoHNsoN and Kon), 
2755. 


ethyl 
and 


o-Ethylsulphonylbenzenesulphonamide 
(Hurt.ey and SmIvEs), 1824. 

Europium, ultra-violet spectrum of 
(GARDINER), 1518. 

Explosion of gaseous mixtures (CAMP- 
BELL and WoopHEap), 3010. 


F, 


Filtration of small amounts of material 
(Hartone), 840. 

Fisetin, synthesis of, and its derivatives 
(ALLAN and Rosinson), 2334. 

Fish, elasmobranch, constituents of oils 
from (He&ILBRON, Kamm, and OWENS), 
1680; (Hxitspron, Hinvircn, and 
Kamm), 3181; (Harvey, HEILBRON, 
and Kamm), 3136. 
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Fish liver oils (HEILBRON, KAmm, and 
OwEns), 1630. 

Flame, propagation of, in mixtures of 
methane and air (CHAPMAN and 
WHEELER), 2139. 

Flavone, 3:7:3':4’-tetrahydroxy-, tetra- 
acetyl derivative (ALLAN and Rostn- 
80N), 2335. 

isoFlavone group, syntheses in (BAKER 
and Rosinson), 2713. 

Flavylium salts, hydroxy- (RoBERTsoN 
and Rosinson), 1951. 

Fluorene, absorption spectrum of 
(CAPPER and Marsh), 724. 

Fluorene, 2:5- and 2:7-diamino-, and 
their acetyl derivatives, and 2:5- and 
2:7-dinitro- (MorcAN and THOMASON), 
2691. 

Fluorine :-— 

Hydrofluoric acid, action of, on 
selenium and tellurium compounds 
(PRIDEAUX and MILLoTT), 167, 
520. 

Hydrofluozirconic acid (PrRIDEAUx 
and Roper), 898. 

Formic acid, photochemical decomposi- 
tion of aqueous solutions of 
(ALLMAND and Reeve), 2852. 

velocity of reaction of iodine with 
(HAMMICK and ZVEGINTzOV), 1195. 

sodium salt, reduction of silver 
acetate by (CouTIE), 887. 

methyl ester, equilibrium between 
methy] alcohol and (CHRISTIANSEN), 
413. 

Formic acid, trithio-, ethylene ester 
(HurTLEy and SmILzs), 2268. 

2-Formyl-6-methylquinoline, p-nitro- 

——— of (HuMPHRIEs), 

376. 

Formylphenylacetic acid, ethyl ester, 
absorption spectra of (MorTon and 
Rogers), 713. 

Fructose. See Levulose. 

-Fructose, structure of (HAworTH and 
Hirst), 1858, 

a-Furoylpiperonylcarbinyl 

(GREENE), 335. 


benzoate 


G. 


Galangin, synthesis of (Hear and 
RosInson), 2337. 
Gases, absorption of, by colloidal 


solutions (GATTERER), 299. 
ignition of, by exp’osion (CAMPBELL 
and WoopHEAD), 3010. 
= circulation apparatus (GREEN), 
0. 
Gas reactions, termolecular (HinsHEL- 
woop and GREEN), 730. 
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Genistein, constitution of, and its 
identity with prunetol (BAKER and 
Rosinson), 2713. 

Germanium tetrachloride, and _ its 
ammonia compounds (PuGH and 
Tuomas), 1051. 

Germanic acid, salts (PucH), 2828. 

Glass, physical properties, composition 
and preparation of various kinds of 
(TuRNER), 2091. 

B-Gluconolactone, structure of (Ha- 
WwoRTH and NicHOLSON), 1899. 

Glucose. See Dextrose. 

ah fe eg LS et pg pre Me 
flavylium chloride, anu its 4’-tetra- 
acetyl derivative (ROBERTSON and 
Rosinson), 1717. 

4’-8-Glucosidoxy-7-hydroxy-3-methoxy- 
§-methylflavylium chloride, aud its 
4’-tetra-acetyl derivative (ROBERTSON 
and Rosinson), 1719. 

B-Glucosidoxy-w-methoxyacetophenone, 
p-tetra-acetyl derivative (RuBsERTSON 
and Rosrnson), 1715. 

Glutaconic acids, chemistry of (PackER 
and THorPse), 1199; (FARMER and 
RICHARDSON), 2172, 

a-Glycerides, oxidation of allyl esters to 
(FAIRBOURNE and Foster), 3146. 

B-Glycerides, a-structure of (FarrR- 
BOURNE and Foster), 3148. 

Glycerol dibromohydrin, chlorohydrin, 
and dichlorohydrin nitrobenzoates 
(FAIRBOURNE anid Foster), 3150. 

Glycine, butyl esters, and their deriv- 
atives (MORGAN), 80. 

Glycols, dehydration of (McKEnzig and 

ENNLER), 1596. 

Gold, interaction of hydrogen and 
nitrous oxide on the surface of 
(HutcHison and HINsHELWooD), 
1556. 

Aurous oxide, existence of (PoLLARD), 
1347. 

Chloroauric acid, action of mercurous 
nitrate on (PuLLAnD), 529. 

Guaiacol, 3- and 6-amino- and -nitro- 
derivatives, and their derivatives 
(OxForp), 2004, 

5-nitrothio- (Hotmgs, C. K. and 
E. H. INGoLp), 1689. 
Guanidine, hydrolysis of (BELL), 1213, 


H. "i 


Hematoxylin, synthesis of, and its 
derivatives (PERKIN, RdAy, and 


Rosinson), 941. 
Hemoglobin (BARcRoFT), 1146. 
Halides, estimation of, electrometrically 
(CLaRk), 749. 
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Halogens, lability of, in organic com- 
pounds (MACBETH, NuNAN, and 
TRAILL), 1248. 

Halogen organic compounds, action of 
alkaline arsenites on (BALABAN), 
569. 

Halogenation of phenols (Sorer and 
SmiTH), 1582. 

Heat of crystallisation of fatty acids 
(GARNER, MADDEN, and Rvsu- 
BROOKE), 2491. 

n-Heptaldehyde 5-anilinosemicarbazone 
and methylphenylhydrazone (BaIrRD 
and WILson), 2370, 

1-n-Heptylaminobenzthiazole, aud its 
dibromide hydrobromide (HUNTER', 
2957. 

1-n-Heptylaminobenzthiazole, 5-bromo-, 
and its aihomide (HUNTER and 
SoyKa). 2964. 

2-n-Heptylamino-S-naphthathiazole, 
aud its tetradecabromide (Dyson, 
Hunter, and SoyKa), 2969. 

Hexabenzyldistannane (Law), 3243. 

Hexahydrobenzylideneacetone semi- 
carLazide-semicarbazone and semi- 
carbazone (Kon and  Swmirn), 
1799. 

n-Hexane, effect of intensive drying on 
(SMits, DE LIEFDE, SWakT, and 
CLAASSEN), 2666. 

cycloHexane-l-acetic-l1-propionic acid, 
and its calcium salt, and ethyl ester 
(Norzis), 250. 

cycloHexane-1-acetone-1-acetic acid, and 
its semicarbazone (NorrRIs), 248, 
cycloHexanespiro-3-bromo-A?-cyclo- 
penten-2-0l-4-one (RuTHSTEIN and 
THORPE), 2017. 
cycloHexanespiro-3:5-dichloro-A*4.cyclo- 
hexadiene (NorrIs), 253. 
cycloHexanespiro-5-chloro-A‘-cyclo- 
hexen-3-one, and its semicarbazone 
(Norris), 248. 
cycloHexane-1:1-dicarboxylic acid, 
esters (WIGHTMAN), 2548. 
cycloHexanespirocyclohexan-3:5-dione, 
reactions of (NorrIs), 248. ; 
cycloHexanespirocyclohexane (NoRRIs), 
5. 


cycloHexanespirocyclohexan-3-ol, and its 
p-vitrobenzoate (NorRIs), 249. 

cycluHexanespirocyclohexan-8-one, and 
its derivatives (NorRIs), 249, 

cycluHexanespirocyclopentane-2:4-dione 
(RoTHSTEIN and THORPE), 2016. 

5-cycloHexanespiro-0:1:2-bicyclopentene- 
1:8-diol, 4-nitro- and 4-nitroso- 
(HaAssELL and INGOoLD), 1839, 

5-cycloHexanespirocyclopenten-3-ol, 
1:4-dioximino- (HAssELL and InN- 
GOLD), 1839. 


———— 
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5-cycloHexanespirocyc/openten-3-ol- 
l-one, 4-oximino- (HASSELL and IN- 
GOLD), 1839. 

cycloHexanone 5-anilinosemicarbazone 

(Barrp and WILson), 2371. 
carboxyphenylhydrazones (COLLAR 
and PLANT), 808. 
a-A)-cycloHexenylacetophenone, and its 
derivatives (FaARRow and _ Kon), 
2132. 
2-A'-cycloHexenylcyc/ohexanone, and its 
derivatives (Kon and NuvurLANnp), 
3104. 

A!-cycloHexenylmalonic acid, ethyl 
ester (Kon and SpricntT), 2733. 

a-A!-cycloHexenylmethyl ethyl ketone 
semicarbazone (KON and SwmirH), 
1797. 

1-n-Hexylaminobenzthiazole, avd _ its 
dibromide (HUNTER), 2957 ; (HUNTER 
and SoyKA), 2964, 

2-n-Hexylamino-S8-naphthathiazole, and 
itstetrabromide hydrobromide (Dyson, 
HUNTER, and SoyKa), 2969. 

a-cycloHexylbutan-y-one, a-hydroxy-, 
and its semicarbazone (Kon and 
SMITH), 1798. 

1-cycloHexy1-3:5-diketocyclohexane(Kon 
and SMITH), 1799. 

1-cycloHexy1-3:5-diketocyc/ohexane- 
6-carboxylic acid, ethyl ester (Kon 
and SMITH), 1799. 

a-cycloHexylidenebutan-y-one semicarb- 
azone (Kon and SMITH), 1800. 

a-cycloHexylidenebutyronitrile (FAR- 
Row and Kon), 2134. 

cycloHexylphenylbenzylmethylarsonium 
salts (ROBERTS, TURNER, and Bury), 
1447. 

Holarrhena, conessine from species of 
(Kane@a, AyyaR, and SIMONSEN), 
2123. 

Homocatechol, derivatives of (GRAES- 
SER-THOMAS, GULLAND, and Rosin- 
son), 1971; (GcLLAND and Rosirn- 
son), 1976. 

B-Homochelidonine (a-allocryptopine), 
formation of, from berberine(HAWortTH 
and PERKIN), 445. 

Homopiperonylresacetophenone, 
6’-bromo- (BAKER), 1076. 

Homoveratrole, 6-bromo-2-nitro-, and 

2-nitro-6-amino-, and its salts and 
derivatives (GULLAND and RosIn- 
son), 1979. 


2:6-dinitro- (GRAESSER—THOMAS, 


GULLAND, and Rosrnson), 1975. 
Homoveratrole-6-sulphonyl chloride, 
5-nitro- (GULLAND and RosiInson), 
1977. 
3-Homoveratryl-7-methoxychroman 
(PERKIN, Riy, and RKosrnson), 946. 


Hydration of strong electrolytes 
(SuGpEN), 174. 
Hydrazines, action of, on semicarb- 
azones (BAIRD and WILSsoN), 2367. 
Hydrazinedicarboxymethylamide 
(CoopErk and INGOLD), 1895. 
w-Hydrazinobenzaldehyde-2:4-dibromo- 
phenylhydrazone, and its derivatives 
(CHATTAWAY and PARKEs), 115. 
Hydrazinohomoveratrole, nitro-, and 
its piperonylidene derivative (GuL- 
LAND and Rosinson), 1980. 
p-Hydrazinophenylpyridines (IorsytH 
and Pyman), 2917. 
Hydrazobenzaldehyde-2:4-dibromo- 
phenylhydrazone (CHATTAWAY and 
PARKEs), 116. 

Hydrocarbon, C,;H,,, from dehydro. 
genation ot  tetracyclosqualene 
(HARVEY, HeriBron, and Kamm), 
3138. 

C,,H,s, from reduction of isophorone 
(BAKER), 669. 

Hydrocarbons, incipient ionisation of 
hydrogen atoms in (HoLMEs and 
INGOLD), 1305. 

aliphatic higher, boiling points of 
Francis and Woop), 1420. 
condensed nuclear, absorption spectra 
of (CAPPER and Marsa), 724. 
Hydrocyanic acid. See under Cyanogen. 
Hydroferricyanic acid, salts, preparation 
and estimation of (CUMMING and 
Goop), 1924. 

Hydroferrocyanic acid, salts, preparation 
and estimation of (CUMMING and 
Goop), 1924. 

calcium, potassium, and sodium 
salts, solubilities of (FARROW), 
49. 
Hydrofluoric acid. See under Fluorine. 
Hydrofluozirconic acid. See under 
Fluorine. 

Hydrogen, ignition of mixtures of 
carbon monoxide and (CAMPBELL 
and WoopHeap), 3010. 

interaction of nitric oxide and (HIN- 
SHELWOOD and GREEN), 730. 

interaction of nitrous oxide and, on 
the surface of gold (HuTcHISON 
and HINsSHELWOOD), 1556. 

Hydrogen fluoride. See Hydrofluoric 

acid under Fluorine. 
peroxide, action of, on solutions of 
potassium — (DuNNI- 
CLIFF and NiJHAWAN), 1. 
sulphide, improved generator for 
(DENHAM and PackER), 1344. 
interaction of sulphur dioxide and 
(MATTHEWS), 2270. 
Hydronaphthalenes, stereochemistry of 
(Kay and Stuart), 3038. 


tes 
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Hydroxy-acid, C,,H,;0,N, and its salts, 
from narcotine oxide and hydrochloric 
acid (DruMMOND and MoMILLAy), 
2704. 

Hydroxy-compounds, decomposition of 
substituted carbamyl chlorides by 
(PricE), 653, 3230. 

Hydroxyl ions, mobility of (RarkEs, 
YorkeE, and Ewart), 630. 

Hydroxylamine, reaction of ferric 
chloride with (MITcHELL), 336. 

Hystazarin, diacetyl derivative (GREEN), 
2202. 


I. 


Imino-aryl ethers (CHAPMAN), 2296. 

2:8-Indeno(1:2)dimethoxy benzo- 
pyrylium ferrichlorides (PERKIN, 
Ray, and Roprnson), 951. 

Indolinone compounds, relative stability 
of quinolone compounds and (AESCH- 
LIMANN), 2902. 

Iodine, catalysis of the reaction between 
acetone and (DAWsoN and CARTER), 
2282 ; (Dawson and DEAN), 2872. 

action of, on ethyl] alcohol in presence 
of aluminium and water (JoNEs 
and GREEN), 2760. 

velocity of:reaction of formic acid with 
(HAMMICK and ZvEGINTzOV), 1105. 

Ionisation constants, determination of 
(Dawson and Hosxrns), 3166. 

Iron, ele¢tro-deposition potential of 

(GLASSTONE), 2887. 
periodic passivity of (HEDGES), 2878. 
removal of, from amalgams (RUSSELL, 
Evans, and RowE tt), 1872. 

Iron alloys with cobait and nickel, 
electro-deposition potentials of 
(GLASsTONE), 2897. 

Iron phosphates (CARTER and Harr- 

SHORNE), 363. 
Ferric chloride, reaction of hydroxyl- 
amine with (MITCHELL), 336. 

Iron organic compounds, complex, with 
oximes (TAYLOR and EwBANK), 2818. 

Isomerism, dynamic (Jones and Lowry), 
720; (FAULKNER and Lowry), 1938. 

Itaconic acid, ethyl ester, action of 
ethyl sodiomalonate on (INGOLD and 
SHoppEE), 1912. 


K. 


. 


Kaempferide, synthesis of, and its salts 
and triacetyl derivative (Heap and 
Rosrnson), 2336. 

i acid (Goss and INGorpD), 

477. 

10-Ketobehenic acid, and its amide 

(G. M. and R. Rosrnson), 2207. 


$-Keto-1:4-benzdithian-2:2’-spiro- 
1’:3’-benzdithiole (HurTLEY and 

SMILEs), 2269. 

y-Ketobutenylnaphthalenes (GrBson, 

HARIHARAN, MENON, and SIMONSEN), 

2257. 

y-Ketobutylnaphthalenes, and _ their 
derivatives (GIBSON, HARIHARAN, 

MENON, and SIMONSEN), 2258. 

2-Keto-1:2-dihydrobenzisothiazole, and 
its derivatives (McCLELLAND and 

Galt), 921. 

a-Ketoglutaric acid, p-methoxyphenyl- 
hydrazone of (PERKIN and RUBEN- 

STEIN), 362. 

2-Keto-1-methyl-1:2-dihydrobenziso- 

thiazole (McCLELLAND and Galt), 923. 

4-Ketomyristic acid, and its oxime 

(G. M. and R. Roxsrnson), 2206. 

Ketone, ©,;H, 90,, from oxidation of 
B-caryopliyllene (GiBson, RoBERT- 
son, and Sworp), 164. 

C,;H,,0, and its semicarbazone, from 
oxidation of B-caryophyllene (GrB- 
son, Ropertson, and Sworp), 164. 

C..Hs,0, from oxidation of paraffin 
wax (FRANCIS and GAUNTLETT), 
2381, 

CysH5.0, from oxidation of paraffin 
wax (FRANCIS and GAUNTLETT), 
2381. 

C,,Hs,0, from oxidation of paraffin 
wax (FRANcIs and GAUNTLETT), 
2381. 

Ketones, cyclic, mobility of (Kon and 
NUTLAND), 3101. 

optically active, preparation of 
(McKenzir, RocrEr, and WILLS), 
779. 

unsaturated, alkylation of (Kon), 
1792. 

2-Keto-1-methyl-1:2:3:4-tetrahydro- 
quinoline-4-carboxylic acid, and its 

methyl ester (AESCHLIMANN), 2908. 

10-Ketononadecoic acid, and its amide 

(G. M. and R. Roprnson), 2207. 

4-Keto-3-phenyl-1:2-benzoxazine, 

7-nitro- (BtsHor and Brapy), 812. 

2-Keto-1-phenyl-1:2-dihydrobenziso- 
thiazole (McCLELLAND and Galt), 

923. 

3-Keto-2-phenyl-y-indole, 6-nitro-, 
1-oxide (Bishop and Brapy), 812. 

9-Ketostearic acid (G. M. and R, 
Rosinson), 2206. 

2-Keto-1:2:3:4-tetrahydroquinoline-4- 
carboxylic acid, preparation of, and 
bromo- and iodo-, and their esters 

(AESCHLIMANN), 2907. 

2-Keto-1-o-tolyl-1:2-dihydrobensiso- 
thiazole (McCLELLAND and Galt), 

923. 
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Kolbe’s synthesis, mechanism of (Farr- 
WEATHER and WALKER), 3111. 


L. 


Lactic acid, butyl esters, rotatory dis- 
persion of (Woop, Sucu, and ScarF), 
1928. 

Levulic acids, substituted, spiro-com- 
unds from (ROTHSTEIN and 
HORPE), 2011. 

Levulose, structure of (HAWoRTH and 

Hirst), 1858, 
Lead halides, equilibria of potassium 


halides, water, and (BuRRAGE), 
1703. 
iodide, solubility of, in sodium 
chloride solutions (BurraGr), 
1896. 


germanate (PuGca), 2832. 
suboxide (AUFENAST and TERREY), 
1546. 
Lead anodes. See under Anodcs. 
Lectures, delivered before the Chemical 
Society (BARCROFT), 1146 ; (TURNER), 
2091 ; (S@RENSEN), 2995. 
Leucine, butyl esters, and their salts 
(Morea), 83. 
Liquids, potentials at junctions of 
(CARTER and Lk), 834. 
vapour pressure of, by a differential 
method (JoLLy and Briscoz), 
2154. 
organic, and their mixtures, dielectric 
constants of (SAycE and Briscog), 
2623. 
organic mixed, dielectric constants of 
(Kerr), 2796. 
Lithium germanate (PuGH), 2831. 
Lutidine, compound of acetylene tetra- 
bromide and (Futon), 198, 


Magnesium anodes. Sce under Anodes. 
Malonic acid, beryllium salt, con- 
ductivity of (S1p@¢wick and Lewis), 
2539. 
ethyl ester, sodium salt, action of, 
on ethyl citraconate. or itaconate 
(INGoLD and SHopPER), 1912. 

Malonic acids, cyclic and open-chain 
esters, hydrolysis of (Gant and In- 
GOLD), 10. 

Maltose, constitution of (IRVINE and 
Buack), 862; (Cooper, HAworrTH, 
and Prat), 876; (HaworTH and 
PEaT), 3094, 

Manganese, removal of, from amalgams 
(RussELL, Evans, and RowE 1), 1872. 


INDEX OF SUBJECTS. 


Manganese oxides, hydrates, effect of 
neutral salts on the electrical 
charge of, and concentration of 
hydrogen ions liberated (GHosn), 
2605. 

sulphate, equilibrium of potassium 
sulphate, water, and (CAVEN and 
JOHNSTON), 2628. 

B-Mannonolactone, structure of (Ha- 
WORTH and NICHOLSON), 1899, 

Mannose diacetone. See Dicsopropyl- 
idenemannose. 

m-Meconineacetic acid, and its deriv- 
atives (EDwaRDs), 748. 

Melting point curves of isomerides in 
the camphor series (Ross and SomEr- 
VILLE), 2770. 

Membranes, nickel, for ultrafiltration 
(MANNING), 1127. 

Menthones, optically active, and their 
derivatives (READ and Rosenrtson), 
2209. 

Menthone series (READ and Ropbert- 
sON), 2209; (Reap, Cook, and 
SHANNON), 22238. 

Menthylamines, optically active, and 
their derivatives (READ and RoseErt- 
SON), 2209, 

dl-Menthylamines, and their derivatives 
(Reap, Cook, and SHANNON), 2223. 

d-isoMenthylearbamide (READ and 
ROBERTSON), 2222, 

d-isoMenthylphenylcarbamide 
and ROBERTSON), 2222. ~ 

dl-isoMenthylphenylcarbamide (READ, 
Cook, aud SHANNON), 2231. 

d-isoMenthylphenylthiocarbamide 
(REap and RoBERTson), 2222. 

Mercaptides, co-ordinated (DkUMMOND 
and Gipson), 3073. 

Mercuration of alkylphenols and their 
aldehydes (HENRY and Snapp), 
2432. 

of aromatic compounds (CoFFEY), 
637, 3215. 

Mercury, critical temperature of (SAYcE 
and Briscok), 957. 

Mercury alloys, order of removal of 
metals from (RussELL, Evans, and 
RowELt), 1872. 

Mercurous nitrate, action of chloro- 
auric acid with (Po.Larp), 529. 

Mercury organic compounds :— 

4-Mercuribis-2-nitrotoluene(CoFrrey), 
639. 

Mercuri-2-methyl-6-7sopropylbenz- 
aldehyde, 4-hydroxy-5-chloro- 
(Henry and SHarp), 2438. 

Mercuri-2-nitrotoluene,  4-bromo-, 


(ReaD 


chloro-, and 4-iodo- (CorFrry), 638. 
Mercurinitrotoluenes, chloro- (CoF- 
FEY), 3218, 
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See under Anodes. 


Mercury anodes. 
Mesityl oxide, absorption spectra of 


(Morton), 719. 
Mesityloxidoxalic acid, ethyl ester, 

absorption spectra of (MorTon and 

RocErs), 713. 

Metals, _liquid-line 
(HepGEs), 831. 

Metallic oxides, finely divided, catalytic 
decomposition of sodium hypochlorite 
solutions by (CHIRNOAGA), 1693. 

Methane, propagation of flame in mix- 

tures of air and (CHAPMAN and 
WHEELER), 2139, 

extinction of flames of, by diluent 
gases (CowARD and HariweELt), 
1522. 

Methane, halogen derivatives, absorp- 
tion spectra of (Lowry and Sass), 
622. 

Methanolbisethylenediamminocupric 
iodide (MorGaN acd Bursra.t), 
2023. 

Methoxyacetic acid, B-octyl ester (RULE 
and MITCHELL), 3207. 

8-Methoxyacetophenone, :4-dihydr- 
oxy-, acetyl derivatives (NOLAN, 
Pratt, and Rosinson), 1970. 

w-Methoxyacetophenone, p-hydroxy- 
(RopERTSON and RKosinson), 1715, 
7-Methoxy-4-p-anisyl-2-p-dimethyl- 
aminostyryl-3-methylbenzopyrylium 
salts (HEILBRON and Zak!), 1906. 
7-Methoxy-4-p-anisyl-2:8-dimethyl- 
benzopyrylium salts (HEILBRON and 
ZAKI), 1905. 
7-Methoxy-4-p-anisyl-2-p-hydroxy- 
styryl-3-methylbenzopyrylium salts 
(HEILBRON and ZaxI), 1906. 
3-Methoxybenzaldehyde, chloro-deriv- 
atives, and their derivatives (Hopa- 
son and Brarp), 154. 
2-Methoxybenzoic acid, 6-nitro-3-hydr- 
oxy- (RUBENSTEIN), 652. 
3-Methoxybenzoic acid, 2- and 4-chloro- 
(GrIBson), 1428, 
2:6-dichloro- and 6-nitro-, and their 
derivatives (HopGson and BEarp), 
153. 
2-nitro-4-amino-, acetyl derivative 
(Roprnson and Surnopa), 1992. 

Methoxybenzoic acids, sec.-8-octy] esters 
of; and their rotation (RULE and 
Numsers), 2116. 

p-Methoxybenzomethylamide, and its 
acetyl derivative (BRADY and DuNN), 
2416, 

w-Methoxybenzoylacetophenones, and 
their copper derivatives (BRADLEY 
and Rosinson), 2359. 
es enengatins 


corrosion of 


(GREENE), 
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w-3-Methoxybenzoyl-3:4-dimethoxy- 
acetophenone, and its copper deriv- 
ative (BRADLEY and Rosrnson), 
2366. 

w-3-Methoxybenzoyl-4-methoxyaceto- 
phenone, and its copper derivative 
(BRADLEY and Rosrnson), 2365. 

2-m-Methoxy benzylidene-5:6-di- 
methoxy-1-hydrindone (PERKIN, RAy, 
and Roprnson), 950. 

2-Methoxybenzyloxyanisoles, nitro- 
derivatives (OxForD and Rosinson), 
389. 

7-Methoxy-3-(6’-bromohomopiperony])- 
2-methyl-1:4-benzopyrone (BAKER), 
1076. 

2:3-('7-Methoxychromeno(4:3) ]7-6:7- 
dimethoxybenzopyrylium terrichloride 
(PERKIN, RAy, and Rosrnson), 950. 

7-Methoxy-4-p-dimethylaminophenyl- 
2:3-dimethylbenzopyrylium salts 
(HeILBRON and ZAK1!), 1906. 

4-Methoxydiphenyl, _nitro-derivatives 
(BELL and KrEnyon), 3048. 

Methoxydiphenyl ethers, and their 
nitro-derivatives (LEA and Rosrinson), 
412. 

3-Methoxy-2-ethoxybenzyl alcohol, 5- 
bromo- and 5-nitro- (RUBENSTEIN), 
650. 

8-Methoxy-2-ethoxycinnamic acid, and 
5-nitro (RUBENSTEIN), 652. 

3-Methoxy-2-ethoxyphenanthraphen- 
azine (ALLAN and Rosinson), 379. 

Methoxyethoxyphenyl-4:5-thiotriazo- 
pyrocatechol methyl ethyl ether, 6’- 
nitro- (ALLAN and Rosrnson), 379, 

4’-Methoxyflavone, 7-hydroxy-, and its 

acetyl derivative (RoBINsON and 

VENKATARAMAN), 2346. 
3:7-dihydroxy-, and its diacetyl deriv- 

ative (HEAP and Rosinson), 2339. 

Methoxyflavylium chlorides, ¢etra- and 
penta-hydroxy- (GATEWooD- and 
RopInson), 1964, 

8-Methoxyflavylium salts, 7:4’-dihydr- 
oxy- (RoBERTsON and RoBINsoN), 
1716. 

3-Methoxy-5-cyclohexanespirocyclopent- 
ene-1:4-dione (HAssELL and INGOLD), 
1840. 

Methoxyhydroxystyryl methyl ketones, 
and their acetyl derivatives (Mc- 
GOoKIN and SIncLaiR), 1579. 

3-Methoxy-a-methylcinnamaldehyde, 6- 
nitro- (WILLIMorr and Simpson), 
2810. 

3-Methoxy-5-methylflavylium 
7:4’-dihydroxy- (ROBERTSON 
Rosinson), 1718. 

6-Methoxy-3-methylquinolfme, and its 
salts (WILLIMOTT and Simpson), 2810. 
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salts, 
and 
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5-Methoxy-a-naphthaldehyde, and its 
derivatives (SHOESMITH and RvBLI), 
$241. 
5-Methoxy-a-naphthoyl chloride (SHor- 
SMITH and RUBLI), 3242. 
3-Methoxy-4-oximino-5-cyclohexane- 
spirocyclopentene-1:4-dione (HASSELL 
and INGOLD), 1840. 
m-Methoxyphenol ethylene ether (PER- 
KIN, Rdy, and Rosinson), 946. 
4-Methoxyphenol, 2- and _ 3-nitro-, 
preparation of, and their derivatives 
(Roprnson and Smirn), 392. 
7-Methoxy-4-pheny1-2-p-dimethy]l- 
aminostyryl-3-methylbenzopyrylium 
salts (HEILBRON and ZAk1), 1905. 
7-Methoxy-4-pheny1-2:3-dimethylbenzo- 
pyrylium salts (HzILBRON and Zak1), 
1904. 
7-Methoxy-4-phenyl-2-p-hydroxy-m- 
methoxystyry1-3-methylbenzo- 
pyrylium salts (HEILBRON and ZAKI), 
1905. 
7{-Methoxy-4-phenyl-2-p-hydroxy- 


atyryl-3-methylbenzopyrylium salts 
(HFILBRON and Zaki), 1904. 
$-Methoxy-2-phenylindole (RoBinson 


and THORNLEY), 3144. 
7-Methoxy-4-pheny]-2-p-methoxystyryl- 
3-methylbenzopyrylium salts (HEIL- 
BRON and ZAKI), 1904. 
2-Methoxyphenylmethyl = sulphoxide, 
and 5-nitro- (POLLARD and Rosinson), 
3091. 
2-Methoxyphenylmethyl sulphoxide, 4- 
nitro- (Ho_mEs, C. K. and E, H. In- 
GOLD), 1689. 
2-Methoxyphenylmethylsulphones, 
nitro- (Hotmgs, C. K. and E. H. In- 
GOLD), 1687. 
4-Methoxyphthalidecarboxylic acid, 
8-hydroxy- (PERKIN and TRIKoJUs), 
2928. 
2’-Methoxystyryl benzyl ketone (Dick- 
INSON), 2238. 
4’-Methoxy-2-styrylisoflavone, 5:7-di- 
hydroxv-, and its diacetyl derivative 
(BAKER and Rosinson), 2718. 
Methoxy-9-styrylxanthylium salts, and 
their hydroxy-derivatives (ATKINSON 
and HEILBRON), 681. 
5-Methoxythioanisoles, 2- and 4-nitro- 
(Hopeson and HanpteEy), 544. 
3-Methoxytoluene, 2:4-dinitro- (Gorn- 
ALL and Rosrnson), 1984. 
$-Methoxy-o-toluidines, chloro-, and 
their acetyl derivatives (GrBson), 
1426. 
Methoxytolyltelluri¢richlorides 
GAN and KE.Lugtr), 1086. 
8-Methoxyisevaleric acid (FARMER and 
KRacovsk!), 2321. 
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Methyl alcohol, viscosity and density 
of, aud of solutions of electrolytes 
in it (EWART and RAIKEs), 1907. 
equilibrium between methyl formate 
and (CHRISTIANSEN), 413. 
influence of dissolved salts on mis- 
cibility temperatures of mixtures 
of paraffins with (Howarp and 
PATTERSON), 2787. 
Methyl methylfructoside (ALLPREss), 
1722. 
2-Methylacenaphthpyridine, and _ its 
salts, and 4-hydroxy- (Nair and 
SIMONSEN), 3141. 
4-Methylacenaphthpyridine, 2-chloro-, 
and 2-hydroxy- and its hydrochloride 
(Narr and SrmonsEn), 3143. 
/-Methylaceto-o-anisidide, and __ its 
nitro-derivatives (C. K. and E. H. 
InNGOLD), 1323. 


1-Methylaminobenzthiazole, and _ its 
bromides (HuNnrER), 1398, 2954. 
1-Methylaminobenzthiazole, 5-bromo-. 


and its hexabromide (HUNTER and 
SoyKA), 2961. 
4-Methylaminodiphenyl, derivatives of 
(BELL, KeEnyon, and Rosinson), 
1245. 
4-Methylaminodiphenyl, dinitro-, and 
— (BELLand Kenyon), 
2710. 
6’-Methylaminodiphenylarsinic acid, 2- 
bromo- (BURTON and Gipson), 458. 
2-Methylamino-8-naphthathiazole, and 
its hexabromide (Dyson, Hunter, 
and SovKa), 2966. 
N-Methyl-o-aminophenol, OJN-diacetyl 
derivative (C, K. and E. H. INcotp), 
1327. 
p-toluenesulphonyl 
(Hewitt, Kure, 
1368. 
4-Methylaminophenylarsinic acid, and 
its toluenesulphony] derivative, and 
its amino- and _nitro-derivatives 
(Hewitt, Krne, and Murca), 1360. 
4’-Methylanilinodiphenyl, bromo- and 
chloro-dinitro- (Le Fkvre and 
TURNER), 2047. 
4-Methylanilino-2-phenyldimethyl- 
—— iodide (ForsyrH and 
YMAN), 2509. 
5-Methylanilinosemicarbazide hydro- 
chloride (BAIRD and Wi son), 2373. 
N-Methyl-o-anisidines, nitro- (C. K. 
and E. H. Ineotp), 1325. 
N-Methylbenzaldoxime, derivatives of 
(Brapy, Dunn, and GoLpsTEIN), 
2394. 
2-Methylbenzophenanthrazine, 


derivative 
and Murcs), 


1:3-di- 


chloro- and 1:3:4-trichloro- (DAVIES 
and LEEPER), 1416. 
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1-Methylbenzoxazole methiodide and 
methoperchlorate (CLARK), 234. 

Methylbenzthiazoles, 1-amino-, 
their bromides (HUNTER), 1398. 

Methyl benzyl ketone 5-anilinosemi- 
carbazone (BAIRD and WILSON), 
2372. 

Methyl /ert.-butyl ketone 5-anilinosemi- 
carbazone (BAIRD and WILsonN), 
2871. 

9-Methylcarbazole, 
(TucKER), 552. 

N-Methyl-p-chlorobenzaldoxime 


and 


3:6-diiodo- 


(BraDy, DuNN, and GOLDSTEIN), 
2391. 

N-Methyleinnamaldoxime, and _ its 
hydriodide (Brapy, Dunn, and 
GOLDSTEIN), 2393. 
d-Methyldeoxybenzoin (McKEnziz, 


RoGEr, and WILts), 787. 
Methyldeoxytetrahydro-a-methyl- 
morphimethine, and its salts (CAHN), 
2566. 
Methy1l-7:12-dihydrobenzophenars- 
azines, chloro- (BURTON and GIBson), 
2244. 
2-Methyl-1:2-dihydrobenzthiazole, 1- 
imino-, and its bromides (HUNTER), 
1392, 
Methyldihydrodeoxytetrahydro-c- 
methylmorphimethine, and its salts 
(CaHN), 2568. 
Methyldihydronaphtha/soquinolines, 
and their picrates (GiBson, Hari- 
HARAN, MENON, and SIMONSEN), 
2257. 
2-Methy1-5:10-dihydrophenarsazine, 
10-chloro-, and its 5-acetyl derivative 
(Burton and Gipson), 468. 
Methyldihydrothebainonemethine, and 
its salts and derivatives (CAHN), 
2569. 
N-Methy1-3:4-dimethoxybenzaldoxime 
(Brapy, Dunn, and GoLDsTEIN), 
2391. 
di-4-Methyldiphenyl sulphoxide, 4’- 
amino-, preparation and resolution of, 
and its derivatives (HARRISON, KEN- 
YON, and PHILLIPs), 2085. 


Methylene-blue, fixation of, by dis- 
_ (Fopor and Riw Ltn), 
102. 
by yeast phosphoprotein sols 
(Rrw11n), 2300. 
d-Methylenecamphor-/-alanine, ethyl. 
ester (K1ppING and Pore), 496. 
2:3-Methylenedioxybenzaldehyde. See 


o-Piperonal. 
2:3-Methylenedioxybenzenylamino- 
oxime (PERKIN and TrikKoJUvs), 2930. 
2:3-Methylenedioxybenzoic acid. See 
o-Piperonylic acid, 
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3:4-Methylenedioxybenzomethylamide 
(Brapy and Dunn), 2415. 


2:3-Methylenedioxycinnamic acid 
(PERKIN and TrikodJvus), 29382. 

3:4-Methylenedioxycinnamic acid, 
6-bromo-, and its methyl ester 


(HawortTH, PERKIN, and STEVENs), 
1766. 
6:'7-Metbylenedioxy-3(3’:4’-dimethoxy- 
benzoy!)isoquinoline, and its sulphate 
and oxime (CAMPBELL, HAWORTH, and 
PERKIN), 40. 
6:7-Methylenedioxy-3-(3’:4’-dimethoxy- 
benzoy]1)1:2:3:4-tetrahydrozsoq uinol- 
ine, and its salts and derivatives 
(CAMPBELL, HAWORTH, and PERKIN), 
39. 
6:7-Methylenedioxy-3-(3’:4’-dimethoxy- 
benzyl)isoquinoline, and its picrate 
(CAMPBELL, HawortH, and PERKIN), 
41. 
6:7-Methylenedioxy-3(3’:4’-dimethoxy- 
benzy])-1:2:3:4-tetrahydrozsoquinol- 
ine, and its salts (CAMPBELL, Ha- 
WORTH, and PERKIN), 41. 
2:3-Methylenedioxy-11:12-dimethoxy- 
6:17- or -6:15-dihydroparaberine, and 
its salts (CAMPBELL, HAwokTH, and 
PERKIN), 42. 
2:3-Methylenedioxy-11:12-dimethoxy- 
6:15;16:17-tetrahydroparaberine, and 
its salts (CAMPBELL, HAworTH, and 
PERKIN), 41. 
3:4-Methylenedioxyhomophthalic acid, 
preparation of, and its anhydride, and 
4-bromo- (HAWoRTH, PgrKIN, and 
STEVENS), 1764. 
6:7-Methylenedioxy-l-bydrindone, 4- 


bromo-, and its derivatives (Ha- 
WORTH, PERKIN, and STEVENS), 
1767. 


6:7-Methylenedioxy-3-(a-hydroxy-3’:4’- 
dimethoxybenzy]) isoquinoline, and its 
picrate (CAMPBELL, HAWORTH, and 
PERKIN), 40. 
6:7-Methylenedioxy-3-methylquinoline, 
and its salts (WILLIMoTT and Simp- 
son), 2809, 
3:4-Methylenedioxyphthalide (PERKIN 
and TrikoJvus), 2930. 
3:4-Methylenedioxystyrene, 6:w-di- 
bromo- (HAWORTH, PERKIN, and 
STEVENS), 1766. 
3:4’-Methylenedioxy-9-styrylxanthyl- 
ium chloride (ATKINSON and HEIL- 
BRON), 682. 
4’:5’-Methylenedioxy-9-styrylxanthyl- 
ium chloride, 3:6-dihydroxy- (ATKIN- 
son and Hei.Bron), 683. 
Methyl ethyl ketone, equilibrium of, 
with sodium iodide (WADsSWoRTH and 
Dawson), 2784. 
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5-Methy1-2-ethy]-2-isopropenylcyc/o- 
hexanone semivarbazone (Kon and 
NUTLAND), 3110. 

5-Methyl1-2-ethy]-2-isopropenylcyclo- 
pentanone, and its semicarbazone 
(Kon and NuTLanp), 3109. 

2-Methylisoflavons, 5:7-4’-trihydroxy-. 
See 2-Metiy)g-nistein. 

5-Methylfiavylium chloride, 3:7:3’:4’- 
tetrahydroxy- (RoBERTsON and Ros- 
INSON), 1955. 

Methylfructose, transformation of, into 
derivatives of y-fructose (ALLPREsS), 
1720. 

2-Methylgenistein, and its derivatives 
(BAKER and Rosrnson), 2716. 

Methylgenistein dimethyl ether, syn- 
thesis of (BAKER and Rosinsoy), 
2713. 

8-Methylglutarimide-8-butyric acid, 
syuthesis of (FARMER avd Ross), 
3239. 

1-Methylglyoxaline, 4-nitro-5-hydroxy-, 
and its salts (BALABAN), 571. 

1-Methyl-Al:3-cyclohexadieny1-3-cyano- 
acetic acid, methy!| esters, isomeric, and 
their dibromides (FARMER and Ross), 
1575. 

1-Methyl-A! :3-cyclohexadieny]-3-a- 
cyanopropionic acid, methyl 
(FARMER and Ross), 1576. 

1-Methy1-A!:3-cyclohexadienyl1-3-pro- 
pionitrile (FARMER and Ross), 1576. 

6-Methylhexahydrocar bazole, 10:11- 
dihydroxy-, acetyl derivatives (MAN- 
JUNATH and PLANT), 2261. 

Methyleyclohexanols, isomerism of, and 
their esters (GoucH, Hunter, and 
KENyown), 2052. 

1-Methylcyc/ohexan-2-one 5-anilinosemi- 
carbazone and _ phenylhydrazone 
(Barrp and Witson), 2372. 

1-Methylcyclohexan-3-one-1-cyano- 
acetic acid, and its esters, and their 
semicarbazones (FAnMER aud Ross), 
3237. 
1-Metkylcyclchexan-3-one-1-malonamic 
acid (FARMER and Ross), 3239. 
1-Methyl-A!-cyclohexene-3:3-dicyano- 
acet-amide and -imide, and the am- 
monium salt of the latter (FARMER 
and Ross), 1577. 
a-Methyl-A!-cyclohexenylacetone semi- 
carbazone (Kon and SmitTH), 1796. 
2-Methyl1-2-A'-cyclohexenylcyclvhexan- 
one, and its semicarbazone (Kon and 
NvuTLAND), 3105. 
1-Methy]l-A’-cyclchexenylidene-3-cyano- 
acetic acid (FARMER and Koss), 
$237. 
salts and esters (FARMER and Ross), 
1574. 
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Methylcyclohexylearbinol, resolution of 
(Domuto and Kenyon), 1841. 
8-Methylhydroxylamine, determination 
of (BRADY and GOLDSTEIN), 2407. 
Methylmaltoside, and its derivatives 
(IRVINE and Biack), 874. 
Methylmethoxy benzaldoximes, and 
their derivatives (Brapy, DuNN, and 
GOLDsTEIN), 2391. 
Methyl-3:4-methylenedioxybenzald- 
oximes, and their derivatives, and 


6-ni'ro- and their hydrochlorides 
(Brapy, Dunn, and Go.psTEry), 
2389. 


Methylnaphthylquinolines, bromo-, 
chloro-, and nitro-, and their deriv- 
atives (Gipson, HARIHARAN, MENON, 
aud SIMONSEN), 2252. 

N-Methy1-2:4-dinitrobenzaldoxime 
(Brapy, Dunn, and GoLpstEry), 
2393. 

N-Methylnitrobenzaldoximes, = deriv- 
atives of (BRADY, Dunn, and Go.Lp- 
STEIN), 2394. 

Methyloctahydroacridines (PERKIN and 
SEDGWICK), 444. 

2-Methylphenarsazinic acid, and its 
sodium salt and hydrochloride (Bur- 
TON and Gipson), 469. 

B-Methylpimelic-B-acetic acid, and its 
amide (FARMER and Ross), 3239. 

Methylisopropylbenzaldehydes, iodo-4- 
hydroxy- (Henry and SaHarp), 
2439. 

Methylpranetol. See Methylgenistein. 

2-Methylquinoline, and its aikiodides, 
condensations of (HumPHniEs), 375; 
(TAYLOR and WoopuHovse), 2971. 

2-Methylquinoline, w-bromo-, bromo- 
nitro-, and w-hydroxy-derivatives 
(Hammick), 1302 

8-Methylquinoline, preparation of, and 
its salts (WILLIMOTT and Simpson), 
2809. 

1-Methyl-2-quinolone-4-carboxylic acid, 
and its methyl ester (AESCHLIMANN), 
2908. 

m- p-Methylstyrenes (TITLEY), 
517. 

Methy]-1:2:3:4-tetrahydroacenaphth- 
pyridines, and their salts and 
derivatives (NAIR and SIMONSEN), 
3141. 

G(or 8)-Methyltetrahydroacridine, and 
its picrate (PERKIN and SEDGWICK), 
443. 


6(or 8)-Methyltetrahydroacridine- 


carboxylic acid (Perkin and Sepe- 
WICck), 444. 

As-Methyltetrahydroarsinoline, deriv- 
atives of (RopenTs, TuRNER, and 
Bury), 1444. 
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6-Methyltetrahydrocarbazole, acetyl 
and benzoyl derivatives, and their 
derivatives (MANJUNATH and PLANT), 
2261. 

6-Methyltetrahydrocarbazolenine, 10- 
and l1l-hydroxy-, and their acetyl 
derivatives (MANJUNATH and PLantT), 
2262. 

6-Methyltetrahydrocarbazyl-9- 
magnesium iodide (MANJUNATH and 
PLANT), 2263. 

Methyl-1:2:3:4-tetrahydronaphtha- 
quinolines, and their derivatives 
(Grsson, HARIHARAN, MENon, and 
SIMONSEN), 2252. 

S-Methylthioguaiacol, and 3:5-dibromo- 

and 5-nitro- (HotmgEs, C. K. and 
E. H. Incoup), 1687. 

nitration of (POLLARD and RoBrnson), 
8090 ; (C. K. and E. H. INGoLp), 
3093. 

Methylthiol groups, ivfluence of, on 
colours(Hopeson and HANDLEY), 542. 

y-Methylxyloside (HawortH and 
WEsTGARTH), 882. 

Michler’s hydrol, condensations with 
(HuMPHRIES), 375. 

Micro-balance, studies with (HARTUNG), 
840, 1349. 

Molybdenum, position of, in the potential 
series (RUSSELL and RowELL), 1881. 
Molybdenum compounds, _ tervalent 

(WARDLAW and HAkpIno), 1592. 

Molybdenum bromides (WAkDLAW and 
HaRpDING), 1592. 

Monosaccharides, constitution of (Hirst 
and MacsEru), 22; (Hirst), 350. 
Morinidin chloride 3-methyl ether 
(GATEWoop and Rosinson), 1962. 
Morphine derivatives, degradation of 

(CAHN), 2562, 

iso-apoMorphine dimethyl ether metho- 
sulphate (RoBINsON and SHINoDA), 
1994, 

Morphine group (vAN Duin, Rosrnson, 
and SmiTH), 903; (CAHN and Rosin- 
s0Nn), 908. 

Mother-of-pearl, formation of (GAN- 
GULY), 1381. 

Miiller Lecture (SgrENSEN), 2995. 
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Naphthalene, 2-nitro-, preparation of, 
and its 1-halogen derivatives (Hop@ 
SON and KILNER), 7. 

Naphthalene-4 sulphinic acid, 1-amino-, 
os ig derivative (CHILD and SMILEs), 

a- and £8-Naphthanilides (Ginson, 
ee, MENON, and SIMONSEN), 
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Naphthaquinolines, derivatives of 
(Gipson, HARIHARAN, MENON, and 
SIMONSEN), 2247. 

a- and §-Naphthathiazoles, 2-amino-, 
and their tetrabromides (HUNTER), 
1400. 

Naphthathioxins, synthesis of (CHILD 
and SmILEs), 957. 

8-Naphthoic acid, nitration of (HaRrI- 
SON and RoyLe), 84. 

a- and §-Naphthoic acids, amino-, and 
nitro-, and their salts and deriva:ives 
(HARRISON and RoyLe), 87. 

8-Naphthol, 1-nitroso-, benzene- 
sulphonyl derivative (EDWARDS), 815. 

8-Naphthol-1-sulphonic acid, reaction 
of diazosulphouates trom (KOwE, 
LEVIN, BukNs, Davigs, and TEPPER), 
620. 

Naphthyl 4-di-ulphoxide, 1-amino., 
acetyl derivative (CHILD and SMILEs), 
2701. 

Naphthylamines, nitro- (HopGson and 
KILNER), 7. 

s a-Naphthylamylthiocarbamides 
(Dyson, Hunter, and SoyKa), 2968. 

8-1-Naphthylaminocrotono-1-naphthyl- 
amide (Gisson, HARIHARAN, MENON, 
and Simonsen), 2252. 

s-a-Naphthylbutylthiocarbamides 
(Dyson, Hunrer, and SoyKa), 2967. 

1-a-Naphthyl-2:2-dibenzylethylene 
glycol (McKenziz and DENNLER), 
1601. 

1-a-Naphthyl-2:2-dimethylethylene 
glycol (McKenziz and DENNLER), 
1601, 

1-a-Naphthyl-2:2-diphenylethylene 
glycol (McKENzIE and DeNNLER), 
1601. 

a-Naphthylglycollic acid, and its amide 
and methyl ester (McKENzIE and 
DRENNLER), 1599. 

s-a-Naphthyl-n-heptylthiocarbamide 


(Dyson, Hunrer, and SoyKa), 
2969. 
s-a-Naphthyl-n-hexylthiocarbamide 
(Dyson, Hunrer, aud SoyKa), 
2969. 


s-a-Naphthyl-n-propylthiocarbamide 


(Dyson, Hunrer, and Soyka), 
2967. 
Naphthylsulphuric acids, potassium 


salts (BURKHARDT and LAPWORTR), 
689. 
1-8-Naphthylthiol-2 naphthol 
(BxookEerR and SMILEs), 1728. 
Nereotine, oxidation of, by hydrogen 
peroxide (DruMMOND and Mc- 
MILLAN), 2702. 
oxide (DRUMMOND and McMILLan), 
2704. 
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Neodymium, ultra-violet spectrum of 
(GARDINER), 1518. 

Neopine, constitution of, and its deriv- 
atives (VAN Duin, Roprnson, and 
SmituH), 908. 

Nickel, electro-deposition potential of 

(GLASSTONE), 2887. 
periodic passivity of (HEDGEs), 2878. 
removal of, from amalgams (RussELL, 
Evans, and Row®g 1), 1872. 

Nickel alloys with cobalt and iron, 
electro-deposition potentials of (GLAs- 
STONE), 2897. 

Nickel peroxide as catalyst (CHIRNOAGA), 

1698. 

sulphate, equilibrium of potassium 
sulphate, water, and (CAVEN and 
JOHNSTON), 2628. 

Nickel organic compounds, complex, 
with oximes(TAYLOR and Ewsank), 
2818. 

with ethylenediaminobisacetylacetone 
(MorGAN and SMITH), 920. 

with  +y’7”-triaminotripropylamine 
(MANN and Popr), 489. 

with £8’ pb’ -triaminotriethylamine 
(MANN and Pope), 482. 

Nickel membranes. See under Mem- 
branes, 

Nicotine bromoaurate and compound 
with acetylene tetrabromide(FuLToN), 
198. 


Nitrogen, active (WILLFY and RIDEAL), 
1804. 
Nitrogen monoxide (nitrous oxide), 


synthesis of (CHAPMAN, Goop- 
MAN, and SHEPHERD), 1404. 
interaction of hydrogen and, on the 
surface of gold (HUTCHISON and 
HINSHELWOOD), 1556, 
dioxide (nitric oxide), interaction of 


hydrogen and (HINSHELWoOD 
and GREEN), 730. 
catalytic decomposition of, on 


platinum (GREEN and HINSHEL- 
woop), 1709. 
tetroxide, effect of drying on (Smits, 
DE LIEFDE, SWART, and CLAAs- 
SEN), 2663. 
Nitrosylsulphuric acid (EvLioTt, 
KLEIst, WILKINS, and Wess), 1219. 
Normeconinecarboxylic acid, and its 
methyl] ester (PERKIN and TRiKOJUs), 
2927. 
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Obituary notices :— 
John Young Buchanan, 993. 
Katharine A. Burke, 3244. 
Giacomo Luigi Ciamician, 996. 
Samuel Henry Davies, 1004. 
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Obituary notices :— 
William Henry Deering, 1006. 
James Grant, 3244, 
Francis Robert Japp, 1008. 
Francis Jones, 1020. 
Edmund Knecht, 1021. 
William Robert Lang, 1024. 
William James Lewis, 3245. 
Frank George Pope, 1025. 
Charles Etty Potter, 1027. 
Shigetake Sugiura, 3246. 
Robert Llewellyn Taylor, 1029. 
Sir Edward Thorpe, 1031. 
Octahydroacridine, and its derivatives 
(PERKIN and Szpe@wIck), 438. 
Oleic acid, oxidation of, and its deriv- 
atives (HILDITcH), 1828. 
potassium salt, equilibria of potassium 
chloride, water, and (McBAIN and 
ELForp), 421. 
Opianylidene-d/-piperitone, and __its 
calcium salt (EARL and Reap), 2075, 
Optical activity and polarity of sub- 


stituent groups (RULE and 
SmiTH), 553; (RvuLE and 
NumBeErs), 2116; (RULE and 


MITCHELL), 3202. 
potential, determination of (READ 
and McMars), 21838. 
inversion, Walden’s (WARD), 1184. 
superposition (PATTERSON, Futon, 
and SEMPLE), 3224. 

Optically active compounds, relation 
between rotation and relative configur- 
ation of (CLouGH), 1674. 

Organic compounds, relation between 
crystal structure and length of 
chain in (PrezR, MALKIN, and 
AvsTIN), 2310. 

lability of halogens in (MAcBETH, 
Nunan, and TRAILL), 1248. 

Organo-metallic compounds, 
(Drew), 223, 3054. 

Oxalic acid, photochemical decomposi- 

tion of ~ yo solutions of (ALL- 
n 


eyclic 


MAND and REEVE), 2834. 
manganous salt, hydrates of 
(CHAMBERLAIN, Hume, and 


TopPuey), 2620. 

sodium salt, reactions of, with salts 
of weak metallic bases (BRITTON), 
269. 

Oxidation, low temperature, at charcoal 
surfaces (RIDEAL and WRIGHT), 1813, 
$182. 

Oximes, structure and metallic com- 

— of (TaYLor and Ewsank), 
18. 


isomerism of (BRADY and GoLDSTEIN), 
1918, 2408; (Brapy, Dunn, and 
GoLpsTEIN), 2886; (Brapy and 
Dunn), 2411. 


INDEX OF SUBJECTS. 


10:10’-Oxy-5:10-dihydrophenarsazine 
(Burton and Gipson), 462. 

Oxygen, adsorption of, by charcoal 
(RipEAL and Wricur), 1813. 

Ozone, thermal reactivity of, in presence 
of hydrogen (BELTON, GRIFFITH, and 
McKeown), 3153. 


i 


Palladium organic compounds :— 

with f6’s’’-triaminotriethylamine 
(Mann and Pope), 482. 

Palladous compounds with ethylene- 
diaminobisacetylacetone (MoRGAN 
and SMITH), 921. 

Palmitic acid, propyl ester (FEAR and 
MENZIES, 938. 

Palmitic acid, 9:10-dihydroxy- (HIL- 
DITCH), 1836. 

B-Palmityl dichlorohydrin (Wuxr1rTsy), 
1460. 

Paraberine, derivatives of (CAMPBELL, 
HaworTH, and PERKIN), 32. 

Paraffins, influence of dissolved salts on 
miscibility temperatures of mixtures 
of ethyl or methyl alcohol with 
(HowarpD and PatrEerson), 2787. 

cycloParaffins, structure of (WIGHT- 

MAN), 2541. 

Paraffin wax, non-acidic oxidation pro- 
ducts of (FraNcIS and GAUNTLETT), 
2377. 

Passivity, periodic, of metals (HEDGEs), 
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Pelargonidin chloride, synthesis of 
(Notan, Pratt, and Rosrnson), 
1969. 

5:7:3':4’:5’-Pentamethoxyflavylium salts 
(GATEWoOD and Rosinson), 1964. 

bicycloPentane series, tautomerism in 
(HaAssELL and INcoLp), 1836. 

1-cycloPentane-1’-carboxylyl-p-tolu- 
idinocyclopentane-l-carboxylic acid, 
1’-hydroxy-, lactone (OAKESHOTT and 
PLANT), 1212. 

cycloPentane-1:2-dicarboxylic acid, 
a (HASSELL and INGOLD), 

469. 

cycloPentanol-1:2-dicarboxylic acid, and 
its silver salt and ethyl ester (Has- 
SELL and INGoLD), 1468. 

cycloPentanone-3-carboxylic acid, ethy] 
ester, and its semicarbazone (INGOLD, 
SHOPPER, and THORPE), 1486. . 

cycloPentanonedicarboxylic acid, ethyl 
= (INGoLD, SHOPPER, and THORPE), 

cycloPentene-1:2-dicarboxylic 
(HassELt and INGoLp), 1469. 

a-A'-cycloPentenylacetophenone, and its 
derivatives (Farrow and Kon), 2135. 


acids 
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cycloPentylidenemalonic acid, and its 
ethyl ester and derivatives (Kon and 
SPEIGHT), 2781. 

2-cycloPentylidenecyclopentanone, and 
its derivatives (Kon and NuTLAND), 
3106. 

Peonidin chloride, synthesis of (NOLAN, 
PRATT, and Rosprnson), 1968. 

Petroleum, chemistry of (Brrcn and 
Norris), 2545. 

Persian, aromatic hydrocarbons from 
(BrrcHw and Norris), 2545. 

Phenanthraquinone, 2:7- and 4:5-di- 
nitro-, nitration of (CHRISTIE and 
KENNER), 470. 

2:4:7-trinitro-, and its quinoxaline 
derivative (CHRISTIE and KENNER), 
473. 
Phenanthrene, absorption spectrum of 
(CAPPER and Marsh), 724. 

Phenazineazine (DutTT), 1180. 

Phenazineazineazine (DuTr), 1180. 

p-Phenetidine zincichloride (BANFIELD 

and Kenyon), 1625. 

Phenol, o-amino-, acetyl derivatives, 
nitration of (C. K. and E. H. In- 
GOLD), 1320. 

$-bromonitro-derivatives, and 3-chloro- 
2-nitro-, and their salts and deriv- 
atives (Hopcson ahd Moors), 157. 

3:5-dihalogeno-derivatives, and their 
acetates and benzoates (HopGson 
and WIGNALL), 2077. 

Phenols, halogenation of (SoPER and 

SmitH), 1582. 

nitrosation of (Hopcson and Moore), 
2036. 

condensation of, with chloral (CHaTr- 
AWAY), 2720. 

Phenols, amino- and nitroamino-, acetyl 
derivatives (Hewitt and KIne), 
822. 

8-halogeno-5-amino-, 8-halogeno- 
5-nitro-, and 3:5-dihalogeno-, and 
their derivatives (HopGson and 
WIGNALL), 2077. 

Phenolglutareins (DutTT), 11382. 

Phenolsuccineins (DuTT), 1132. 

Phenol-4-sulphonic cid, 3-bromo- 

2:5:6-trinitro-, potassium salt (HopG- 
son and Moors), 161. 

Phenoxides, interaction of aliphatic 
esters and, in alcoholic solution 
(GYNGELL), 2484. 

sodium, substituted, reactions of ethyl 
iodide with (GoLDsworTHY), 1254. 
Phenoxtellurine, and its salts, and 
10:10-dichloro- (DREW), 230. 
acetate and sulphates (DREW), 3069. 
Phenoxtellurine, nitro-, dinitro-, nitro- 
hydroxy-, and dinitrohydroxy-, ni- 
trates (DREW), 3065. 
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Phenoxtellurone (DrEw), 3069. 
4’-Phenoxydiphenyl, bromo- and chloro- 
dinitro- (LE Frvre and TuRNER), 
2047, 
4-Phenoxyphenol, 
Rosinson), 412. 
o-Phenoxyphenylmethylchloroarsine 
(RoBErTs and TuRNEk), 1209. 
p-Phenoxyphenyltelluritrichloride 
(DREW), 227. 
Phenthiarsine, 10-chloro- (RoBERTs and 
TURNER), 1207. 

Phenyl acetylacetonyl sulphides, mono- 
and di-chloro-, and _ o-nitro- 
(BRooKER and SMILEs), 1726. 

4-acetylaminonaphthyl disulphide, 
2:5-dibromo- (CHILD and SMILEs), 
2701. 

1-Phenylacetylisatin (AESCHLIMANN), 
2909. 


2-nitro- (LEA and 


Phenyl aminobenzyl ketones, amino-, 
and their acetyl derivatives (HARRI- 
SON), 1238. 

p-Phenylaminophenylarsinic acid. See 
Diphenylamine-p-arsinic acid. 

Phenylisoamylcarbamyl chloride 
(Prick), 3231. 

s-Phenyl-n-amylthiocarbamide 
TER), 2956. 

s-Phenylamylthiocarbamides, s-y-bromo- 
(Hunter and SoyxKA), 2963. 
9-Phenylanthracene, 10-bromo- (Cook), 
2168. 
10-Phenylanthraphenone (Coox), 2170. 
Phenylarsenious oxide, 4-amino-, 
4’-toluenesulphonyl derivative, 3’- 
mono- and 3:3’-di-amino- (HEWITT, 
Kine, and Murcu), 1362. 
o-bromo- (BURTON and Gipson), 457. 
5-iodo-3-amino-4-hydroxy-, acetyl 


(Hun- 


derivative, and 5-iodo-3-nitro-4- 

hydroxy- (MAcALLUM), 1647. 
Phenylarsinic acid, 4-amino- and 

aminohydroxy-, benzene- and 


toluene-sulphonyl derivatives, and 
their amino- and nitro-derivatives 
(Hewitr, Kine, and Mukrcu), 
1360. 

o-bromo-, preparation of (BURTON and 
Gipson), 456. 

5-iodo-3-amino-4-hydroxy-, and _ its 
salts and derivatives (MACALLUM), 
1645. 

Phenylarsinic acids, aminohydroxy-, 
and their arylamides (HEWITT and 
Kine), 817. 

lr nn 2-hydroxy- (BELL 
and Krenyon), 3047. 

1-Phenylbarbituric acid, and mono- and 
di-bromo-, and hydrazide of the 


monobromo-acid (MACBETH, NUNAN, 
and TRAILL), 12538. 
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2-Phenyl-1:3-benzdithiole, and its 
2-oxide (HuRTLEY and Swmitzs), 
1827. 

2-Phenyl-1:8-benzdithiole-1-sulphonium 
salts (HURTLEY and SMILEs), 1827. 

Phenylbenzidine, N-o-nitro- (‘'vckER), 
3034. 


N-Phenylbenziminophenyl _ thioether 
(CHAPMAN), 2298. 
1-Phenylbenzoxazole methiodide 


(CLARK), 235, 
1-Phenylbenzthiazole, and 5-amino., 
5-bromo-, aud 65-nitro-, and their 
bromides (HUNTER), 539. 
5-Pheny]-1:2:8-benztriazole, 1-acety] 
derivative (BrLtL and KeEnyon), 
2709. 

Phenylbenzylarsinic acid, /-menthyl- 
amine and strychnine salts (RoBERTs, 
TurRNER, and Bury), 1447. 

Phenyl aa-bis-2:5-dichlorophenylthiol- 
benzyl ketone (BRooKER and SMILEs), 
1727. 

Phenylbromoacetic acid, action of water 
on (WARD), 1184. 

B-Phenyl-48-butenoic acid, and its 
methyl ester (JoHNsOoN and Koy), 
2752. 

y-Phenyl-Af-butenoic acid. See Styryl- 
acetic acid. 

Phenylbutylcarbamy] chlorides (Price), 
32381. 


5-Phenyl-n-butyldimethylarsine, deriv- 
atives of (RopExrs, TURNER, and 
Bury), 1445. 


s-Phenyl-n-butylthiocarbamide (Hun 
TER), 2955. 
s-Phenylbutylthiocarbamides, 8-p- 


bromo- (HUNTER and SoyKa), 2962. 
y-Phenylbutyramide, a-cyano- (LIN- 
STEAD and WILLIAMS), 2747. 

Phenylchloroacetic acid, action of water 
on (Warp), 1184, 

Phenyl a-5-chloro-2-methoxyphenyl- 
thiol-a-2:5-dichlorophenylthiolbenzyl 
ketone (BROOKER anid SMILEs), 1727. 

a-Phenylcinnamamides, 3:4’-dinitro-, 
ster-oisomeric (HARRISON and Woop), 
1197. 

a-Phenylcinnamic acids, 3:4’-dinitro-, 

stereoisomeric (HARRISON and 
Woop), 1198. 

rigaities salts (HARRISON and 
Woop), 580. 

10- Phenyl-9:10-dihydroanthraphenone 
(CooK),.2171. 

a-Phenyldihydrocinnamonitrile, 3:4’- 
dinitro-B-hydroxy- (HARRISON and 
Woop), 1197. 

2-Phenyl-4:5-dihydroglyoxaline, 2-m- 
nitro-, salts of (ForsyTH, NIMKAR, 
and PyMAN), 805, 
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$-Phenyl-1:3-dihydrophthalazine-4- 
acetic acid, 1-hydroxy-3:4’-nitro-, and 
its salts and derivatives (Rowk, LEVIN, 
Burns, Daviss, and Trprer), 700. 

$-Phenyl-1:3-dihydrophthalazine 4- 
acetic-l-sulphonic acid, 4’-nitro- 
(Rowk, LEVIN, Burns, DAvigs, and 
TEPPER), 699. 

m- and p-Phenylenediacetonitriles, re- 
duction of (TITLEY), 508. 

o-Phenylenethiocarbamide, sodium salt 
(STEPHEN and WILSson), 2536. 

s-Phenylethylthiocarbamide, p-bromo- 
(HuntTER and SoyKa), 2962. 

a-Phenyl-y-ethyl-A8- and -Ay-penten-a- 
ones, and their derivatives (FARROW 
and Kon), 2136. 

B-Phenylethylphthalimide 
MANSKE), 2350, 

2-Phenylglyoxaline, bromo- and bromo- 
nitro-derivatives, and their salts (For- 
syTH, NIMKAR, and PyMAN), 804. 

s-Phenyl-n-heptylthiocarbamide (HUNT- 
ER), 2957. 

s-Phenyl-n-heptylthiocarbamide,  s-p- 
bromo- (HuNTER and SoyKA), 2964. 

B-Phenyl-A8-hexenoic acid, and its de- 
tivatives (JOHNSON and Kon), 2755. 

Phenylhexenones, isomeric, and their 
derivatives (JOHNSON and Kon), 
2758. 

s-Phenyl-n-hexylthiocarbamide (Hunt- 
ER), 2957. 

s-Phenyl-n-hexylthiocarbamide, 8-p- 
bromo- (HUNTER and _  SoyKa), 
2964. 

Phenyl p-hydroxybenzyl ketone, 2:4:6- 
trihydroxy- (BAKER and RoBrNnson), 
2716. 

8-Phenylhydroxylamine, condensation 
of acetone with (BANFIELD and 
KENyon), 1612. 

N-Phenylimino‘socarbostyril-3-carb- 
oxylic acid, A-4’-nitro- (Rows, 
al Burns, Davixs, and TEPPER), 

05. 

4-Phenylimino-2-phenyldimethyldi- 
hydropyrimidine (ForsyTH and Py- 
MAN), 2508. 

Phenyl-p-methoxybenzy] ketone, 2:4:6- 
A ala (BAKER and RoBINson), 
2717 


(ING and 


a-Phenyl-2-methoxystyryl 
ketone (DICKINSON), 2238, 

2-Phenyl-6-methyl-4-anilinopyrimidine, 
salts and derivatives of (FuRsSYTH aud 
PyMAN), 2507. 

2-Phenyl-2-methyl-1:3-benzdithiole 
(HURTLEY and SMILEs), 1827. 

8-Phenyl-a-methylhydracrylaldehyde, 
— (WILLIMoTT and Simpson), 

0 . 


methyl 
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2-Phenyl-6-methyl-4-methylanilino- 
pyrimidine, salts of (FoRsYTH and 
PYMAN), 2509. 

3-Phenylmethylmethyleneamino-2:4- 
diketotetrahydrothiazole 2-phenyl- 
methylmethylenehydrazone (STEPHEN 
aud WI son), 2537. 

8-Phenyl-y-methyl-Af-pentenoic acid, 
and its derivatives (JoHNSON and 
Kon), 2756. 

Phenylmethylsulphone, »-amino-, acetyl 
derivative (CHILD and SMILEs), 
2699, 

5-nitro-2-hydroxy-, and 3:5-dinitro- 
2-hydroxy- (POLLARD and RosIn- 
sON), 3092. 
s-Phenylmethylthiocarbamide, p-bromo- 
(Hunter and SoyKa), 2961. 
Phenyl nitrobenzyl ketones, 
(HarRIson and Woop), 58]. 
Phenylnitromethanes, preparation and 
nitration of (BAKER and INGOLD), 2467. 
Phenylnitrosoamine, p-nitro-, condens- 
ations with (HUMPHRIEs), 375. 
8-Phenyl-Af-pentenoic acid, and its de- 
rivatives (JOHNSON and Kon), 2753. 
5-Phenyl-Ay-penten-f-one, and its semi- 
carbazone (JOHNSON and Kon), 2757. 
Pheny]-8-phenylethylmethylarsine, and 
its methiodide (KOBERTs, TURNER, 
and Bury), 1446. 
8-Phenylphthalaz-4-one, 4’-amino-, and 
its derivatives (ROWE, LEvIN, Burns, 
Daviks, aud TrPEeR), 703. 
N-Phenylphthalimidine, and 4-amino- 
and 4-hydroxy-, and their derivatives 
(Rowk, Levin, Buns, Davigs, and 
TEPVER), 704. 
B-Phenylpropionic acid, o-cyano- (Ep- 
WARDS), 816. 

8-Phenylpropionie acids, a-amino-8- 

hydroxy-. See Phenylserines. 

Phenylpropylearbamyl chlorides 

(Pricer), 3230. 
y-Phenylpropyldimethylethylarsonium 
iodide (RoBERTS, TURNER, and bury), 
1444, 
s-Phenyl-n-propylthiocarbamide,  8-p- 
bromo- (HuNTER and SuyKa), 2962. 
Phenylpyridines, amino- and nitro-, and 
their salts( ForsyTH and PyMAN), 2916. 
8-Pheny]-2-quinolone-4-carboxylic acid, 
6-iodo- (AESCHLIMANN), 2911. 
Phenylserines, isomeiic, and their de- 
rivatives (ForsTER and Rao), 1948. 
Phenylsuccinic acid, 5-iodo-2-amino- 
(AESCHLIMANN), 291). 
3-Phenyltetrahydrophthalazine-4- 
acetic acid, 1-hydroxy-3:4’-amino., 
aud its acetyl derivative (Rows, 
LEVIN, Burns, Davis, and TEPPER), 
702, 


nitro- 
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Phenylthiocarbamides, di- and itri- 
chloro- (Dyson, GzorGE, and Hunt- 
ER), 3042. 

Phenylthiocarbimides, di- and fri- 
chloro- (Dyson, GEORGE, and Hunr- 
ER), 3042. 

o-Phenylthiolphenylarsenious 
(RoBERTs and TURNER), 1208. 

o-Phenylthiolphenylarsinic acid (Ro- 
BERTS and TURNER), 1208. 

o-Phenylthiolphenyldichloroarsine 
(RoBERTs and TURNER), 1208. 

8-Phenylvalerolactone (JOHNSON 
Kon), 2755. 

isoPhorone, reactions of, and bromo- 
(BAKER), 663. 

Phosphinic acids, formation of, from 
triarylmethoxyphosphorus dichlorides 
(Boyp and SmiTH), 2323. 

Phosphorus, inhibition of the glow of 

(EMEL£US), 1336. 
action of, on silver and other metallic 
salts (WALKER), 1370, 
Phosphorus pentoxide, purification of 
(Fincu and Fraser), 117. 
Phosphoric acid, conductivity of, at 0° 
(CAMPBELL), 3021. 

Photochemical change, variation of the 
rate of, with intensity of light 
(Brizrs, CHAPMAN, and WALTERS), 
562. 

Photographic emulsions, 
(CLARK), 773. 

Phthalbromomethylimide (BALABAN), 
572. 

Phthalide-acetamide and -acetonitrile 
(Epwarps), 816. 

Phthalidecarboxylic acid, 3:4-dihydr- 
oxy-. See Normeconinecarboxylic acid. 

Phthalimidomethanesulphonic acid, and 
its barium salt (BALABAN), 573. 

Phthalylbenzidine, derivatives of (LE 
Favre and TuRNER), 2482. 

a-Picoline, and its methiodide, condens- 

ations of (HumMPpuHRIEs), 375. 
compound of acetylene tetrabromide 
and (FuLTon), 199. 

Piery] chloride, reaction of pyridine with, 

in alcoholic solution (HopGEs), 2417. 


oxide 


and 


analysis of 


4’-Piperazinodiphenyl, bromo- and 
chloro-dinitro- (LE FrvrEe and 
TURNER), 2048. 

Piperidinodiphenyls, ¢rinitro-, and 


bromonitro- (LE Fi:vreand TuRNER), 
2044. 

Piperitone, condensation of, with alde- 
hydes (EARL and READ), 2072. 

o-Piperonal, and its derivatives (PER- 
KIN and TrRIKOJUs), 2931. 

w-Piperonoylacetophenone, and its copper 
derivative (BRADLEY and RoBiNson), 
2363. 
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Piperonoyl-a-furylcarbinyl benzoate 
(GREENE), 335, 


Piperonyl ethyl ether (Epwarps), 
743. 


o-Piperonylic acid, and its derivatives 
(PERKIN and Trikosvus), 2929. 

N-8-Piperonylethy]-3:4-methylene- 
dioxyhomophthalamic acid, and its 
methyl] ester (HAWoRTH and PERKIN), 
1780. 

N-8-Piperonylethy]-3:4-methylene- 


dioxyhomophthalimide (Haworrtn 
and PERKIN), 1779. 
Piperonylidenecyanoacetic acid, 6- 


bromo- (BAKER), 1075. 
Piperonylidene-d/-piperitone (EARL and 
READ), 2075. 


8-Piperonylpropionamide, -6-bromo- 
(BAKER), 1075. 
B-Piperonylpropionic acid, 6-bromo-, 


and its methyl ester (Haworrn, 
PERKIN, and STEVENS), 1766. 

B-Piperonylpropionitrile, 8-6-bromo- 
(Baker), 1075. 

Piperonylpyruvic acid, oxime of (Ep- 
WARDs), 744. 

Piperylenedicarboxylic acid (HassrE11 
and INGoLD), 1468. 

Platinum, adsorption of water vapour 
on (LENHER), 1785. 

Platinum anodes. See under Anodes. 

Polarity and optical activity of sub- 
stituent groups (RULE and Smith), 
553; (Rute and Numbers), 2116; 
(RULE and MITCHELL), 3202. 

Polycyclic compounds, chomistry of, in 
relation to their homocyclic unsatur- 
ated isomerides (BAKER), 663 ; (Has- 
SELL and INGOLD), 1836. 

Polysaccharides, constitution of (IRVINE 
and RoBErtson), 1488 ; (IRVINE and 
MACDONALD), 1502. 

Potassium chloride, equilibria of 
potassium oleate, water, and 
(McBain and Exrorp), 421. 

halides, viscosity and density of 
methyl alcoholic solutions of 
(Ewart and RalrKkEs), 1907. 
equilibria of lead halides, water, 
and (BURRAGE), 1703. 
permanganate, action of hydrogen 
peroxide on neutral solutions of 
(DounnicuiFF and NigHAWAN), 1. 
nitrate and sulphate, equilibria of, in 
systems with sodium nitrate and 
sulphate (Hamip), 199, 206. 
sulphate, equilibria of, with mé&ngan- 
ese, nickel, and zinc sulphates and 
water (CAVEN and JOHNSTON), 
2628. 
Potential at liquid junctions (CARTER 
and Lra), 834. 
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Praseodymium, ultra-violet spectrum of 
(GARDINER), 1518. 

Precipitates, studies of (LAMBERT and 
HumsE-Rotuery), 2637; (LAMBERT 
and ScHAFFER), 2648. 

Promoters, effect of, on catalytic 
oxidation by charcoal (RIDEAL and 
Wricut), 1813. 

Propane, aSy-triamino-, metallic com- 

lexes of, and its dihydrochloride 
hydriodide (Manx and Popr), 2675; 
(Mann), 2681. 

Propane-1:3] [2:4-6-keto-4-methy1-3:4:5:6- 
tetrahydropyridine-5-carboxylic acid, 
and bromo- (FARMER aud Ross), 
3238. 

Prepionie acid, 8-thiol-, methyl ester 
of, and metallic derivatives (DruM- 
MOND and GrBson), 3076. 

p-isoPropoxyacetophenone 
and ROBINSON), 2362. 

2-Propoxyanisole, nitro-derivatives 
(ALLAN and Kosrnson), 380. 

4-Propoxyanisole, nitro-derivatives 
(RoBINSON and SMITH), 397. 

p-isoPropoxybenzoic acid (BRADLEY and 
Rosinson), 2361. 

w-4-isoPropoxy benzoylacetophenone, 
and its copper derivative (BRADLEY 
and Rostnson), 2362. 

ae, and its 
bromides (HUNTER), 2955. 

1-n-Propylaminobenzthiazole, 5-bromo-, 
and its dibromide (HuNTER and 
SoyKA), 2962. 

2-n-Propylamino-8-naphthathiazole, 
and its hexabromide (Dyson, HUNTER, 
and SoyKa), 2967. 

N-n-Propyl-o-benzoicsulphinide 
(McCLELLAND and Gait), 924. 

9-’soPropylearbazole, 3-iodo- (TucKER), 
553. 


(BRADLEY 


B-Propyleinnamic acids, derivatives of 
(JoHNson and Kon), 2755. 
Propyl-A}-cyclohexenylacetone semi- 
carbazone (Kon and Smita), 1796. 
Propyl-1:2:4-triazoles, amino-, and their 
derivatives (REILLY and Drumm), 
1729. 
5-chloro- 
1735. 
3-Propyl-1:2:4-triazole-5-azoacetoacetic 
acids, ethyl esters (REILLY and 
Drumm), 1737. 
3-Propyl-1:2:4-triazole-5-azoacetyl- 
acetones (REILLY and Drumm), 1736. 
3-isoPropyl-1:2:4-triazole-5-azo-8- 


(Rertty and Drumm), 


—— (Reirty and DrvusMm), 

1736. 

8-Propyl-1:2:4:-triazole-5-azo-8- 
naphthylamines (REILLY and 


Drumm), 1786. 
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8-n-Propyl-1:2.4-triazole-5-isodiazo- 
— (REILLY and Drum), 
1 


8-n-Propyl-1:2-4-triazolyl-5-hydrazine, 
and its  benzaldehydehydrazone 
(REILLY and Drumm), 1784, 

Protopine, synthesis of (HaAworTH and 
PERKIN), 1769. 

Prunetol, constitution of, and its 
identity with genistein (BAKER and 
Rosinson), 2713. 

Pulegone, imide from condensation of 
ethyl sodiocyanoacetate and (Kon and 
NvUTLAND), 3110. 

Pyridine, reaction between picryl 
chloride and, in alcoholic solution 
(Hopess), 2417. 

equilibrium of sulphur and (HAMMICK 
and Hott), 1995. 

bromoaurate and compound with 
acetylene tetrabromide (FULTON), 
198. 

Pyrocatechol, crystal 
(CasPaRi), 573. 

Pyrylium salts of anthocyanidin type 
(RoBERTSON and Rosinson), 1951; 
(GATEWoop and Rosrnson), 1959; 
(NoLtAN, Pratt, and RKoprnsoy), 
1968, 


structure of 


Q. 


Quartz, adsorption of water on (LEN- 
HER), 1785. 

Quercetin, synthesis of, and its de- 
rivatives (ALLAN and RosBrnson), 
2334. 

Quinaldine. See 2-Methylquinoline. 

Quinizarin, action of thionyl chloride 
on (GREEN), 1428. 

Quinol, crystal structure of (CASPARI), 
2944. 

Quinoline, equilibrium of sulphur and 
(HammMick and Hott), 1995. 

dsoQuinoline derivatives, syntheses of 
(CAMPBELL, HAwoRTH, and PERKIN), 
32. . 

n- and iso-Quinolines, bromoaurates and 
compounds with acetylene tetra- 
bromide (Futon), 198. 

isoQuinoline alkaloids, syntheses of 
(EpwarRps), 740, 813. 

Quinoline-2-aldehyde, 8-nitro- (Ham- 
MICK), 1304. 

Quinolinocupric acetylacetone(MorGan 
and SMITH), 919. 

Quinolone compounds, relative stability 
of indolinone compounds and 
(AESCHLIMANN), 2902. 

2-Quinolone-4-carboxylic acid, 6-iodo-, 

and its esters(AESOHLIMANN), 2910. 
3-thiol-, quinoxaline derivative 
(AESCHLIMANN), 2909. 
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Reactions, termolecular (CovTIE), 887. 
Resins in coal (Francis and WHEELER), 


1410, 
Resorcinol, 5-bromo-, 2:4:6-¢ribromo- 
5-iodo-, 5-chloro-, 5-chloro-2:4:6- 


tribromo-, and 5-iodo- (HopGson and 
WIGNALL), 2827. 

isoRhamnetin, syuthesis of, and its 
tetra-acetyl derivative (Hzapr and 
Ropinson), 2336. 

Rhamnose, constitution of (Hirst and 
MACBETH), 22. 

Ring compounds, influence of carbon 
rings in, on velocity of reactions 
involving side-chains (GANE and 
INGOLD), 10. 

Rotatory power and chemical constitu- 
tion (SincH and Puri), 504; 
(Harrison, KENYON, and SHEp- 
HERD), 658; (DomMLEo and KEn- 
YON), 1841 ; (HARRISON, KENYON, 
and Purtuurps), 2079, 

relation between relative configur- 
ations of optically active compounds 
and (CLoucH), 1674. 
Rubber. See Caoutchouc. 


Sabinol, oxidation of, with hydrogen 
peroxide (HENDERSON and Ropert- 
son), 2761. 

Salicylaldehyde, condensation of, with 
benzyl methyl ketone (Dickinson), 
2234. 

Salicylic acid, absorption spectra of 
sults aud derivatives of (PuRvIs), 
775. 

heat of combustion of (VERKADE and 
Coops), 1487. 

Salicylic acid, 5-nitro-, and its ethyl 
ester, crystallography of (CHATTAWAY 
and CuRJEL), 3210. 

Salicylidene-d/-piperitone (EarL and 
REAp), 2074. 

Salvarsan, synthesis of iodine deriv- 
atives of (MACALLUM), 1645, 

Samarium, ultra-violet spectrum of 
(GARDINER), 1518. 

Selenium, oxidation potential of (Car- 
TER, BUTLER, and JAMEs), 930. 

Selenium dioxide, action of hydrofluoric 
acid on (PaIpFAUX and MiLLort7T), 167. 

Selenium organic compounds, aromatic 
(CHALLENGER, PETERS, and Hatkvy), 
1648, 

Selenocyanates (CHALLENGER, PETERS, 
and Hatfkvy), 1654. 


Selenocyanoaniline (CHALLENGER, 


Peters, aud Hat&vy), 1654, 
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o_o (CHALLEN- 

GER, Peters, and Ha.kvy), 1654, 

Selenocyano-groups, introduction of, 
into aromatic compounds (CHALLEN- 
. GER, Perers, and Hatkvy), 1648. 
Semicarbazones, action of hydrazines on 
(Barrp and WItson), 2367. 

Sesquiterpenes, oxidation of, with 
chromyl chloride and chromic acid 
(GiBson, ROBERTSON, and Sworp), 
164, 

Silicoethylene, dichloro-, dibromide 
(Wippowson), 958. 

Silicon, atomic weight of (Robinson 
and SMITH), 1262. 

Silicon ¢etrachloride, density and co- 
efficient of expansion of (RoBINsON 
and SmiTH), 3152. 

dioxide (silica) hydrated, interaction 
of, with neutral salts in relation to 
adsorption (MUKHERJEE, GHOSH, 
KRISHNAMURTI, GHOSH, MITRA, 
and Roy), 3028. 
Silicon organic compounds (Wippow- 
son), 958. 
Silver, atomic weight of (RILEY and 
BaKER), 2510. 
Silver salts, action of phosphorus on 
(WALKER), 1870. 
oxidation of tartaric acid by solutions 
of (MAXTED), 2178. 
Silver germanate (PuGH), 2832. 
iodide, photochemical decomposition 
of (HARTUNG), 1349. 

Silver anodes. See under Anodes, 

Soap, equilibria in processes of boiling 
(McBaIN and E.Forp), 421. 

solutions, concentration of electrolytes 
for salting out of (McBain and 
PITTER), 893, 

Sodium chloride and nitrate, equilibria 
of barium chloride and nitrate with 
(FINDLAY and CRUICKSHANR), 
316. 

germanate (PuGH), 2828. 
halides, viscosity and density of 
methyl alcoholic solutions of 
(Ewart and RarKEs), 1907, 
hydroxide, equivalent conductivity of 
solutions of (RarkEs, YORKE, and 
Ewakt), 630. 
hypochlorite, catalytic decomposition 
of solutions of, by finely divided 
metallic oxides (CHIRNOAGA), 1693. 
hyposulphite, reduction of arsenic 
compounds by (FARMER and 
Frrtn), 119. 
iodide, solubility of, in ethyl alcohol 
(Kine and Suauenesse. 20. 
equilibria of, with acetone and with 
methyl ethyl ketone (Waps- 
WORTH and Dawson), 2784, 
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Sodium nitrate and sulphate, equilibria 
of, in systems with potassium nitrate 
and sulphate (HAMID), 199, 206. 
sulphate, equilibrium of sodium 
sulphide, water, and (Hoce), 
855. 
equilibrium of sodium thiosulphate, 
water, and (GARRAN), 848. 
sulphide, equilibrium of sodium 
sulphate, water, and (Hoa), 
855. 
thiosulphate, equilibrium of sodium 
sulphate, water, and (GARRAN), 
848, 
Solid state, complexity of (Smirs and 
ScHOENMAKER), 1108, 1603. 
Solubility (GLassronE, Dimonp, and 
JONES), 2935; (GLAsstonE, Dt1- 
MOND, and Harris), 2939. 
of sparingly soluble compounds 
(MITCHELL), 1333, 
Solvents, selective action of (WrIGII’), 
1203. 

Spectra, absorption, and tautomerism 
(Morton and Rosney), 706 ; 
(Morton and Rogers), 713. 

of condensed nuclear hydrocarbons 
(CapreR and Marss), 724. 
Tesla-luminescence (McVICKER, 
MarsH, and Stewart), 17. 
Squalene, constitution of, and _ its 
identity with spinacene (HEILBRON, 
Kamm, and Owens), 1630. 
hydrogenation of, in presence of nickel 
(HEILBKON, HiLpiTcH, and Kamm), 
3131. 
Starch, structure of (IRVINE and Mac- 
DONALD), 1502. 
Stearic acids, dihydroxy-, isomerism of 
(HiLpitcr), 1828. 
Stearolic acid, hydration of (G. M. and 
R. Roprnson), 2204. 


B-8tearyl dichlorohydrin (WuITBy), 
1460. 
Stilbene, derivatives of (ASHLEY), 
2804. 
Stilbene, diamino- and dinitro-deriv- 


atives, asymmetrically substituted 
(HarRIson), 1282. 

a-chlorodinitro-, and 38:4’-dinitro-, 
and its dichloride (HARRISON and 
Woop), 580. 

Stilbene series, as-diamino- and -di- 
nitro-derivatives (HARRISON and 
Woop), 577. 


Strontium sulphate, precipitated (Lam- ; 


BERT and HumE-Roruery), 2637. 
Styrylacetic acid, and its salts and 
derivatives, and a-cyano-, ethyl ester 
(LInsTEAD and WILLIAMS), 2741. 
Styrylacetone, and its semicarbazone 
(LinsTgEAD and WILLIAMs), 2744, 
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Styryl alkyl ketones, isomeric (Mc- 
GookKIN and SINCLAIR), 1578. 

Styrylbenzopyryliam salts (HEILBRON 
and ZaKk1), 1902. 

Styryl benzyl ketone, 2-hydroxy-, and 
its derivatives (DIcKINSON), 2237. 

Styryl 3:4-dimethoxyphenyl ketone, 
2-hydroxy- (RoBERTsoN and Rosix- 

. SON), 1952, 

Styrylpyrylium salts (ATKINSON and 
HEILBRON), 676. 

9-Styrylxanthylium chloride, 4’-mono- 
and 3:4’:6-tri- hydroxy- (ATKINSON 
and HEILBrRON), 680. 

Suberic acid, aa’-dibromo-, and its ethyl 
ester, and aa’-dihydroxy- (Goss and 
InGoLD), 1473. 

Substance, C,,H,,0,N,I, from a-picoline 

methiodide and  p-nitrophenyl- 
nitrosoamine (HUMPHRIES), 376. 

C,;H,,0, and its semicarbazone, from 
oxidation of cedrene (GIBSON, 
ROBERTSON, and Sworp), 166. 

O,,H,;0,N,I1, from quinaldine meth- 
iodide and yp-nitrophenylnitroso- 
amine (HuMPHRIEs), 376. 

C,,H,,0,N,, and its derivatives, from 
acetone and 8-phenylhydroxylamine 
(BANFIELD and Kenyon), 1621. 

CysH,,0,N,I, from quina!dine eth- 
iodide and p-nitrophenylnitroso- 
amine (HUMPHRIES), 376. 

C,,H,40,, and its acetate, from benzyl- 
ideneanthrone dibromide and silver 
oxide (Cook), 2171. 

C.,H,,N;, from a-picoline and 
Michler’s hydro] (Humpartiks), 375. 

CysH,.0, from dehydration of 1-a- 
naphthyl-2:2-dibenzylethylene 
glyeol (McKenziz and DENNLER), 
1602. 

C,,H,,N;. and its oxalate, from 
quinaldine and Michler’s hydrol 
(HumPHRIEs), 375. 

Cy.H ,N3, from p-toluquinaldine and 
Michler’s hydrol (HUMPHRIES), 375. 

C,,Hg,N3I, from p-toluquinaldine 
methiodide and Michler’s hydrol 
(Humpurirs), 375. 

C,,H5,0,, from benzyl methyl ketone 
and salicylaldehyde DiIckINson), 
2239. 

Substitution in aromatic compounds 
(Davigs and L&EPER), 1413; 
(FLirscHEerm and Hotmgs), 1562. 

directive power of groups in 
(AttrAN and Rosinson), 376; 
(OxForD and RoBINsON), 383 ; 
(Ropinson and SMITH), 392; 
(ALLAN, OxForD, ROBINSON, 
and Situ), 401; (Lea and 
Rosinson), 411. 
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Substitution in aromatic compounds, 
efficiency of oxygen and sulpnur 
in (Hotmgs, C. K. and E, H. 
INGOLD), 1684. 

with reference to polar and non- 
polar dissociation (C. K. and 

E. H. Incotp), 1310. 
Sucrose, constitution of (McOwan), 
1737, 1747 ; (HaworTH and Hrrs7), 


classification of (MALTBY), 


ring structure of (Drew and Ha- 
WORTH), 2305. 

carbonates of (HAWoRTH and Maw), 
1751. 

structure of lactones from (HAWORTH 
and NICHOLSON), 1899. 

use of methyl alcohol as solvent for 
mutarotation of (FAULKNER and 
Lowry), 1938. 

Sulphoacetic acid, chloro-, resolution of, 
and its salts (READ and McMars), 
2192, 

8-Sulphobenzoic acid, 2:4-dinitro-, 
sodium salt (GORNALL and Rosinson), 
1983. 

p-Sulphophenylarsenobenzene (Hewitt, 
Kine, and Murcg), 1370. 

p-Sulphophenylarsinic acid (Hewitt, 
Kine, and Murcn), 1369. 

Sulphoxides, resolution of (HARRISON, 

ENYON, and PHILLIPS), 2079. 

Sulphur, equilibria of, with pyridine, 
quinoline, and p-xylene (HAMMICK 
and Hott), 1995. 

Sulphur dioxide, interaction of hydrogen 

sulphide and (MatTTHEwWs), 2270. 
trioxide, pure (Smits and ScHOoEN- 
MAKER), 1108, 1603. 
Sulphuric acid, action of copper on 
(RocErs), 254. 
Thionyl bromide and chlorobromide 
(MAYEs and PartineTon), 2594. 
chloride, action of, on hydroxy- 
anthraquinones (GREEN), 1428. 

Supa oil, constituents of (HENDERSON, 

M’Nas, and RosBertson), 3077. 


T. 


Tagetes glandulifera, ketones 
volatile oil of (JonEs), 2767. 
Tartaric acid, oxidation of, by silver 

salts in solution (MAxTED), 2178. 
sodium salt, reactions of, with salts of 
weak metallic bases (BRITTON), 269. 
Tautomerism, mechanism of (INGOLD, 
SHopPPEE and THORPE), 1477. 
and absorption spectra (MorToN and 
RosnEy), 706; (Morron and 
RoceErs), 713. 


from 
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Tautomerism and additive reactions 
(Coursk, C. K, and E. H. Incoxp), 
1868. 

ring-chain (Dutt), 1132. 

three-carbon (Kon), 1792; (Farrow 
and Kon), 2128; (Kon and 
SPEIGHT), 2727; (LINSTEAD and 
WILLIAMS), 27385; (JOHNSON and 
Kon), 2748; (Kon and NutLanp), 
3101. 

Tellurium tetrachloride, reactions of, 
with aryl alkyl ethers (MorGAN and 
KELLETT), 1080. 

dioxide, action of hydrogen fluoride 
on (PRIDEAUX and MILLort), 520. 

Tellurium organic compounds, cyclic 

(Drew), 223. 


Tellurylium compounds (Drew), 
3054. 
ar ag acid, tribromo-, and 
trichloro- (MoRGAN and KELLET7), 
1087. 
a np poems mutarotation of 
(JonEs and Lowry), 720. 


Tetratriaminopropanetricupric salts 
(Mann), 2685. 
Tetrabromo(‘riaminopropanehydro- 
chloride)platinum hydrate (MANy), 
2687. 
Tetracarbethoxy-/-arabinose (HAWORTH 
and Maw), 1752, 
Tetracarbethoxy-/-xylose 
and Maw), 1754. 
Tetracarbomethoxy-/-arabinose 
WORTH and Maw), 1752. 
Tetracarbomethoxy-l-xylose (HAWORTH 
and Maw), 1754. 
Tetrachloro(¢riaminopropanehydro- 
chloride)platinum salts (Mann), 2686. 
Tetrahydroacridine, and its derivatives 
(PERKIN and SEDGwIck), 438. 
As-Tetrahydroarsinoline, chloro- (Ro- 
BERTS, TURNER, and Bury), 1443. 
Tetrahydrocarbazole, derivatives of 
(CoLLAR and PLANT), 808 ; (MANJU- 
NATH and PLANT), 2260. 
Tetrahydrocarbazolecarboxylic acids, 
and their salts and derivatives (COLLAR 
and PLant), 808. 
a- and £-Tetrahydrodeoxycodeines, iso- 
merism of (CAHN), 2572. 
Tetrahydroisophthalic acids, and their 
esters (FARMER and RICHARDSON), 
2172. 
2’:3’:5:6-Tetramethoxy-2-benzylidene-1- 
hydrindone (PERKIN, RAy, and Ro- 
BINSON), 953. 

Tetramethoxyflavylium _ferrichlorides 
(ROBERTSON and Rosrnson), 1954. 
Tetramethyladipic acids, electrolytic 
synthesis of (FARMER and Kracov- 

SKI), 2318, 


(HawortTH 


(Ha- 
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3:3’-Tetramethyld‘aminodipheny! 
(Durt), 1181. 

3:6-Tetramethyldiamino-9-phenylfluor- 

ene, and its acetate (Durr), 1181. 

Tetramethylbenzidine,  2:2’-diamino-, 
2-nitro-, and dinitro-, and their deriv- 
atives (BELL and Kenyon), 2711. 

Tetramethyl +-fructose, oxidation of 
(McOway), 1737. 

Tetramethyl gluconolactones, and their 
phenylhydrazides (CHARLTON, Ha- 
WORTH, and PEAT), 99. 

Tetramethylglucose, mutarotation of 

(JonEs and Lowry), 720; (FAULK- 
NER and Lowry), 1940. 

oxidation of (Hirst), 351. 

1:4:5:8-Tetramethylthianthren, and its 

disulphone (SEN and RAy), 1140. 

Tetracyclosqualene, dehydrogenation of 
(Harvey, HEILBRON, and Kamm), 
3136. 

Thallium compounds, use of, in organic 
chemistry (FEAR and MENzIEs), 937. 

Thallium swbhoxide (AUFENAST and 

TERREY), 1546. 

Thallous chloride, solubility of, in 
salt solutions, and its heats of 
solution (BUTLER and HIscocks), 
2554. 

Thianthren, diamino-, compounds of, 
with 8-naphthol and with resorcinol 
(Sen and RAy), 1141. 

Thianthren series, synthesis in (SEN 
and RAy), 1139. 

Thianthren-2:6-bisdiazoaminobenzene- 
4’-sulphonic acid (SEN and RAvy), 
1141, 

Thiazole derivatives 
WItson), 25381. 
Thio-aryl groups, insertion of (BROOKER 

and SMILEs), 1723. 

Thiocarbonyl chloride, action of, on 
chloro-substituted anilines (Dyson, 
GrorGE, and Hunter), 3041. 

Thiocarbonylbenzidine, and its deriv- 
atives (Le Fivre and TvuRNER), 
2483, 

Thiocyanic acid, ammonium salt, action 
of light on aqueous solutions of 


(STEPHEN and 


(Hotmss), 1690; (WERNER and 
BatLry), 2970. 
Thionyl bromide and chloride. See 


under Sulphur. 
2:3-Thionylanthragallol (GREEN), 2202. 
1:2-Thiony1-7-chlorothionylanthrapur- 

purin (GREEN), 2200. 
Thionylhystazarin (GREEN), 2201. 
Thionylpurpurin (GREEN), 2200. 
Thorium salts, reactions of, with sodium 

acetate and tartrate (BRITTON), 272. 
yan. tautomerism of (Hicks), 

43. 
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Tin organic compounds (LAW), 3243. 
Tin anodes. Sce under Tin. 
Titanium :— 

Titanous sulphate, oxidation of, by 
air, and its prevention (RUSSELL), 
497. 

Tolane, diamino- and dinitro-deriv- 
atives,# asymmetrically substituted 
(HARRISON), 1232. 

3:4’-diamino-, and its diacetyl deriv- 
ative, 3:4’-dinitro- (HARRISON), 
1237. 

Tolane series, as-diamino- and -dinitro- 

derivatives (HARRISON and Woop), 

577 


Toluene, 2:3:4-¢riamino- and -frinitro- 
(GORNALL and Rosinson), 1981. 
2-chloro-4-nitro-, chlorination of 
(Davies and LEEPER), 1413. 
o-nitro-, mercuration of (CoFFEY), 
637; (Burton, HAmMmonpb, and 
KENNER), 1802. 
m- and p-nitro-, 
(CorrEy), 3215. 
Toluene-5-sulphinic acid, 2-amino-, 
acetyl derivative (CHILD and SMILES), 
2700. 
Toluenesulphinic acids, 2-nitro- (Cor- 


mercuration of 


FEY), 642. 
4-nitro-, and their salts (Corrry), 
3220. 


p-Toluenesulphonamides, substituted, 
hydrolysis of (HotmMxEs ard INGOLD), 

p-Toluenesulphonic acid, beryllium salt 
(SipeGwick and Lewis), 1290. 

4-Toluenesulphonic acid, 3-nitro-, salts 
of (Hewitt, Kine, and Murca), 
1360. 

Toluenesulphonic acids, 4-nitro-, and 
4-nitro-2-amino-, and their salts 
(CorFEY), 3221. 

Toluene-5-sulphonyl] chloride, 2-amino-, 
acetyl derivative (CHILD and SMILEs), 
2700. 

m-Toluic acid, w-chloro-, ethyl ester 
(MorGAN and Porter), 1258. 

o-Toluidine, 3-bromo-, acety] derivative 
(Burton, HAMMonpD, and KENNER), 
1803. 

m-Toluidine, 2:6-dichloro-4-nitro- 
(Daviges and LEEPER), 1416. 

1-p-Toluidino-1-cyanocyclopentane 
(OAKEsHOTT and PLANT), 1211. 


_ 1-p-Toluidinocyc/opentane-1-carboxylic 


acid, and its derivatives (OAKESHOTT 
and PLANT), 1210. 
o-Toluonitrile, 6-bromo- (Burton, HAm- 
MOND, and KENNER), 1803. 
p-Toluoyl-2-methylquinoline, and _ its 
methiodide, condensations of (Hum- 
PHRIES), 375. 
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2:5-Toluquinone, halogen derivatives and 
their oximes (HopGson and Moore), 
2036. 

Toluthiazoles, y-amino-, hydrochlorides 
(HunrTeER), 1397. 

Tolyl mercaptan, sulphides and sulph- 
oxides, 2-amino-, and their acetyl 
derivatives (CHILD and SMILEs), 
2700. 

m-Tolyl methy] ether, 2:6-dichloro-, and 

6-chloro-2-nitro- (Gipson), 1426. 
6-mono- and 2:6-di-nitro-4-hydr- 
oxy-, acetyl derivatives (GRAEs- 
SER-THOMAS, GULLAND, and 
Rospinson), 1974. 
p-Tolyl acetylacetonyl sulphide (Broox- 
ER and SMILEs), 1726. 
methyl ether, 3-hydroxy-, and 5- 
nitro-3-hydroxy-, acety] derivatives, 
and 2-nitro-3-hydroxy- (GULLAND 
and Rosinson), 1978. 
selenocyanate (CHALLENGER, PETERS, 
and HaLtvy), 1654. 

N-p-Tolylbenzimino-p-tolyl 
(CHAPMAN), 2298. 

m-Tolylenediamine-3-sulphonic acid, 
sodium salt and derivatives (GORNALL 
and Rosinson), 1982. 

B-m- and -p-Tolylethylamines, and their 
derivatives (TITLEY), 517. 

o-Tolylethylcarbamyl chloride (Price), 
3231. 

B-m- and -p-Tolylethylmethylamines, 
and their salts (TrrTLEy), 517. 

m-Tolyl-a-naphthylamine, 2:4-dinitro- 
(GoRNALL and Rosinson), 1984. 

Tolyl 2-nitrotoluene-5-sulphazide, 
2-nitro- (CoFFrEy), 642. 

m-Tolylpiperidine, 2:4-dinitro- 
NALt and Rosrnson), 1984. 

5-p-Tolylthiol-6-hydroxyquinoline 
(Brooker and Smiuxs), 1728. 

1-p-Tolylthiol-2-naphthol (BRookER and 
SMILEs), 1728. 

a-p-Tolylthiolpropionic acid (BRookER 
and SmiLrs), 1726. 

3:4:5-Triacet oxy-w-methoz yacetophen- 
one (GATEWooD and Rosinson), 1965. 

Triazans, reversible formation of (Ccor- 
ER and INGOLD), 1894. 

Tribenzylamine, mm’m’’-trinitro- (Goss, 
INGOLD, and WILson), 2457. 

a- and w-1:3:4-Tricarbethoxy-2-keto- 
cyclopentylmethylsuccinic acids, ethyl 
esters (INGOLD and SHopPEE), 1916. 

Triethylamine, §8’8’’-triamino-, com- 
plex nickel and palladium salts of 
(Manw and Pope), 482. 

Tricyclohexylarsine, derivatives of 


thioether 


(Gor- 


(RosErts, TURNER, and Bury), 1446. 
3:4:3’-Trimethoxybenzophenone, and its 
oxime (LEA and Rosinson), 2355. 
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3:4:5-Trimethoxybenzoylacetophenone, 
and its copper derivative (BRADLEY 
and RosBinson), 2365. 

3:3:4’-Trimethoxyflavone, 7-hydroxy-, 
§:7-dihydroxy-, and their acetyl deriy- 
atives (ALLAN and Rosrnson), 2335, 

5:7:4’-Trimethoxy-2-methylisoflavone 
(BAKER and Rostnson), 2718. 

3:3’:4’-Trimethoxy-5-methylflavylium 
ferrichloride, 7-hydroxy- (ROBERTSON 
and Roptnson), 1955. 

3:4:5-Trimethoxyphenyl 2-hydroxy-4:6. 
dimethoxystyryl ketone (GaTEWoop 
and Rosinson), 1963, 

Trimethyl y-arabonolactone, structure 
of (HawortH aud NicHotsoy), 
1899. 

Trimethylenesilicon dichloride (Wrp- 
Dowson), 958. 

Trimethylglucose, new crystalline forms 
ot (HAWorrH and SEDGwIcK), 2573, 

3:3:5-Trimethylcycl-hexan-1-one, 
1:3:4:5-tetrabromro- (BAKER), 668. 

1:1/:3:3:3':3’-Trimethylbicyclohexyl- 
5:5’-dione, and its disemicarbazone 
(BAKER), 669. 

Trimethylnaphthalene picrate (Bircu 
and Norris), 2553. 

Triphenylstibine hydroxyselenocy anate 
(CHALLENGER, PETERS, and HA.kvy), 
1653. 

Trimethyl xylonolactones (HAwortiI 
and WEsTGARTH), 885. 

Trimethyl y-xylose (HAworTu and 
WESTGARTH), 885. 

Triphenylmethane, p-hydroxy-p’p’’-di- 
amino- (Dutt), 1174. 

Triphenylmethoxyphosphoras  dichlor- 
ides, p-bromo-, p-chloro-, and p-nitro- 
(Boypb and Smirn), 2327. 

9-Triphenylmethylanthrone, 9-hvdroxy- 
(INGoLp and MARSHALL), 3087. 

Triphenylmethylphosphinic acid, p- 
bromo-, p-chloro-, and m-hydroxy-, 
and their salts and derivatives (Boyp 
and Smith), 2328. 

2:4:6-Triphenylthiolphloroglucincl, 
chloro-derivatives (BROOKER 
SMmILEs), 1727. 

Triphthalimidotripropylamine, and its 
hydrobromide (MANN and Pope), 
490. 

Tripropylamine, yy’7"-triamino-, and 
its salts and derivatives and complex 
compounds with nickel (MANN and 
Pope), 489. 

Trithallium methylglucoside (Far and 
MENZIEs), 939. 

2:4:6-Tri-p-tolylthiolorcinol (Brooker 
and SMILEs), 1728. 

2:4:6-Tri-p-tolylthiolphloroglucinol 
(BRooKER and SmILzs), 1727. 


and 


INDEX OF 


2:4:6-Triphenylthiolresorcinol, chloro- 
derivatives (BROOKER and SMILEs), 
1728. 

Trypanocidal action and chemical con- 
stitution (Hewitr and Kine), 817 ; 
(Hewitt, Krne, and Murcn), 1355. 

Tungsten, position of, in the potential 
series (RUSSELL and RowELL), 1881. 


U. 


Ultrafiltration, nickel membranes for 
(MANNING), 1127. 

Unsaturated compounds, formation of, 
from halogenated open-chain deriv- 
atives (HASSELLand INGOLD), 1465; 
(Goss and INGOoLD), 1471. 

orienting influence of free and bound 
ionic charges on simple or con- 
jugated (ING and Roztnson), 1655. 

homocyclic, chemistry of polycyclic 
compounds in relation to isomeric 
(HASSELL and INGOLD), 1836. 


V. 


Valency (Norrish and Jonss), 55; 
(Lowry and Owen), 606; (Lowry 
and Sass), 622. 

Valine, n-butyl ester, and its hydro- 
chloride and picrate (MorGAn), 83. 

Vanadium: :— 

Vanadous sulphate as 
agent (RussELL), 497. 

Vapour pressure of liquids, by a 
ifferential method (JoLLY and Bris- 
COE), 2154. 

Veratric anhydride (ALLAN and Rosin- 
SON), 2334, 

Veratrole, 3- and 6-amino- and -nitro- 
derivatives, and their derivatives 
(OxForp), 2004. 

N-8-Veratrylethy]-3:4-metbylenedioxy- 
homophthalamic acid, and its methyl 
ester (HaworrH and PERKIN), 
1776. 

N-8-Veratrylethylmethylenedioxy- 


a reducing 


homophthalimides (HaworTH and 
PERKIN), 1776. 
2-Veratrylidene-4:6-dimethoxy- 
coumaranone (PERKIN, KAy, and 


Rostnson), 951. 
2-Veratrylidene-1-hydrindone (PERKIN, 
RAy, and Rorinson), 951. 


. Zirconium 
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Veratrylidene-7-methoxychromanone 
(PERKIN, RAy, and Rosrnson), 941. 
Viscosity of aqueous solutions of strong 

electrolytes (SUGDEN), 174. 


W. 


Walden inversion (Warp), 1184, 
Water vapour, adsorption of, on quartz 
and on platinum (LENHER), 1785. 


x. 


Xanthones, hydroxy-, preparation of 
(ATKINSON and HEILBRON), 2688. 

Xanthorrhea arborea, hastilis, and 
reflexa, volatile oils from (FINLAYSON), 
2763. 

p-Xanthylphenylarsinic acid (HEwITT, 
KincG, and Murcn), 1369, 

p-Xylene, equilibrium of sulphur and 
(HamMIcK and Hott), 1995. 

Xylidinodimethylbenzthiazoles, and 
their tetrabromides (HUNTER), 1403. 

y-Xylose, derivatives of (HAworTH and 
WESTGARTH), 880. 


Y. 


Yeast, fixation of methylene blue by 
phosphoproteins of (R1wLIN), 2300. 


Z. 


Zinc, deposition of, on anodes in voltaic 
cells (HumMBy and PERRIN), 959. 
diffusion of, in solid soluticn in copper 
(Dunn), 29738. 

Zine compounds, co-ordinated, optical 
activity of (MILLS and GorttTs), 3121. 
Zine sulphate, equilibrium of potassium 

sulphate, water, and (CaVEN and 
JOHNSTON), 2628. 
Zine organic compounds :— 
Zincibenzoylpyruvic acid, brucine salt 
(MILLs and Gorts), 3131. 
Zinc anodes. See under Anodes. 
Zirconium salts, reactions of, with 
sodium acetate, oxalate, and tartrate 
and with dextrose (BRITTON), 269. 
fluoride, analysis of 
(PripEAUX aud Roper), 898. 


FORMULA INDEX. 


Tue following index of organic compounds of known empirical formula is arranged 
according to Richter’s system (see Lexikon der Kohlenstoff-Verbindungen). 

The elements are given in the order C, H, O, N, Cl, Br, I, F, S, P, and the 
remainder alphabetically. 

The compounds are arranged— 

Firstly, in groups according to the number of carbon atoms (thus C, group, 
C, group, etc.). 

Secondly, according to the number of other elements besides carbon contained in 
the molecule (thus 5 IV indicates that the molecule contains five carbon atoms and 
four other elements). 

Thirdly, according to the nature of the elements present in the molecule (given in 
the above order). 

Fourthly, according to the number of atoms of each single element (except carbon) 
present in the molecule. 


Salts are placed with the compounds from which they are derived. The chlorides, 
bromides, iodides, and cyanides of quaternary ammonium bases, however, are registered 
as group-substances, 


C, Group. 


CH, Methane, propagation of flame in mixtures of air and (CHAPMAN and 
WHEELER), 2139; extinction of flames of, by diluent gases (CowARD and 
HARTWELL), 1522, 

CO Carbon monoxide, catalytic dissociation of (CLEMINSON and BrIscok), 2148 ; 
ignition of mixtures of hydrogen and (CAMPBELL and WoopHEAD), 3010. 

CS, Carbon disulphide, flame spectra of (EMELtUs), 2948. 


1 Il 

CHN Hydrocyanic acid, specific heat of (INGOLD), 26, 2816 ; (PARTINGTON), 1559; 
potassium salt, double salts of, with cadmium, mercury, nickel, and zinc 
cyanides (CoRBET), 3190. 

CH,0, Formic acid, photochemical decomposition of aqueous solutions of (ALL- 
MAND and REEVE), 2852; velocity of reaction of iodine with (HaMMIcK and 
ZVEGINTZOV), 1105; sodium salt, reduction of silver acetate by (CouTIE), 887. 

CH,O Methyl alcohol, viscosity and density of (Ewart and RarKgs), 1907 ; 
equilibrium between methyl formate and (CHRISTIANSEN), 413; influence of 
dissolved salts on miscibility temperatures of mixtures of paraffins with 
(Howarp and Patrerson), 2787. 

CN;H; Guanidine, hydrolysis of (BELL), 1213. 

CSCl Thiocarbonyl chloride, interaction of, with chloro-substituted anilines 
(Dyson, GrorcE, and HunTER), 3041. 


1 Ill 


CHNS Thiocyanic acid, ammonium salt, action of light on aqueous solutions of 
(HoLmMEs), 1690 ; (WERNER and BAILEy), 2970. 


CH;ON §-Methylhydroxylamine, determination of (Brapy and GoLpsTEIN), 2407. 


C, Group. 
C,H, Acetylene, absorption of, by colloidal solutions (GATTERER), 299. 
C,H, Ethylene, reaction of bromine with (Norrisu and Jonks), 55. 
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2 Il 

C,H,0, Oxalic acid, photochemical decomposition of aqueous solutions of (ALL- 
MAND and REEVE), 2834; manganous salt, hydrates of (CHAMBERLAIN, HuME, 
and TopLEY), 2620; sodium salt, reactions of, with salts of weak metall.c bases 
(BRITTON), 269. 

C,H,Br, Acetylene tetrabromide, action of, on organic bases (FULTON), 197. 

C,H,O0 Acetaldehyde, photolysis of (BowEN and Warts), 1607. 

C,H,0, Acetic acid, and its ammonium salt, equilibrium of water and (SuGDEN), 
960; beryllium salt, conductivity of (SmpGwick and LEwiIs), 2539; magnesium 
salt, constitution of aqueous solutions of (RIVETT), 1063; silver salt, reduction 
of, by sodium formate (Courir), 887; sodium salt, reactions of, with salts of 
weak metallic bases (BRITTON), 269. 

Methyl] formate, equilibrium between methyl alcohol and (CHRISTIANSEN), 418. 

C,H;I Ethyl iodide, preparation of (Jonzs and GREEN), 2760; reactions of, with 
sodium phenoxides in alcoholic solution (GoLDsworTHY), 1254. 

C.H,O Ethyl alcohol, temperature of maximum density of aqueous mixtures of 
(McHutcuison), 1898; equilibria of, with alkali and alkaline earth salts (Bon- 
NELL and JONES), 318; influence of dissolved salts on miscibility temperatures 
of mixtures of paraffins with (HowaRD and PATTERSON), 2787; reactions of, 
with substituted carbamyl] chlorides (PRIcE), 3230. 

2 Ill 

C,HOCI], Chloral, condensation of phenols with (CHaTTAWAy), 2720. 

C,H;,0,Cl,; Chloral hydrate, effect of heat on (MoUNFIELD and Woop), 498. 

C,H;OBr Ethylene bromohydrin, preparation of (McDowALL), 499. 

C,H,O,S Ethyl hydrogen sulphate (Hamip, Sincu, and DunnIc.iFF), 1098, 


2 IV 
C.H,6,CIBr Chlorobromoacetic acid, optical activity of, and its salts (READ and 
McoMats), 2183. 
C.H;,0;CIS di-Chlorosulphoacetic acid, resolution of, and its salts (READ and 
McMarn), 2192. 
C,H, .N,Cl,Cu, Ethylenediammonium cuprochloride (MorGAN and BURSTALL), 
2026. 


C,H, oN,Br,Cu, Ethylenediammonium cuprobromide (MorGAN and BurstTALt), 
2026. 


2V 
C.H,,0,.N,Cl,Cu Tetra-aquoethylenediamminocupric perchlorate (MorGAN and 
BURSTALL), 2026. 


C; Group. 
C;H,0, Malonicacid, beryllium salt, conductivity of (Stpcwick and Lrwis), 2539. 
C;H,O Acetone, photolysis of (Bowen and Warts), 1607 ; equilibrium of sodium 
iodide with (WapsworTtH and Dawson), 2784; catalysis of the reaction of 
iodine with (DAWson and CARTER), 2282; (Dawson and Dean), 2872, 
3 Ill 


C;H,,0,N, 3-Amino-2:4-diketotetrahydrothiazole, hydrochloride of (STEPHEN and 
Winson), 2588. 


C;H,O,N dJ-Alanine, resolution of (Krpprnc and Pope), 494. 

3 IV 
C;H;0,Cl,Te Trichlorotelluripropionic acid (MorGAN and KR.uetr), 1088. 
C;H;0,Br,Te Tribromotelluripropionic acid (MorGAN and KELetr), 1088. 


C;H,ON,S 3-Amino-2:4-diketotetrahydrothiazole-2-hydrazone, dihydrochloride of 
(STEPHEN and WILson), 2538. 
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C;H,,N;Cl,I Triaminopropane dihydrochloride hydriodide (MANN and Popr), 
2681. 


3 V 
C;H,,0N,C1;Pt Tetrachloro(triaminopropanehydrochloride), platinum hydrate 
(MANN), 2687. 
3 VI 


C;H,,0N,CIBr,Pt Tetrabromo(triaminopropanehydrochloride), platinum hydrate 
(MANN), 2687. 


C, Group. 
C,H,O, Tartaric acid, oxidation of, by silver salts in solution (MAXTED), 2178; 
ium salt, reactions of, with salts of weak organic bases (BRITTON), 269. 

C,H,O Methyl ethyl ketone, equilibrium of, with sodium iodide (WADsworts 

and Dawson), 2784. 
C,H,0, Ethyl acetate, effect of salts and compounds on solubility of (GLAassTong, 

Dimonp, and Jonzks), 2935 ; (G@LAssTONE, Dimonp, and Harris), 2939, 
C,H,,0 Ethyl ether, flame spectra of (EMELKUs), 2948. 

4 Ill 

C,H;0,N, 4-Nitro-5-hydroxy-1-methylglyoxaline, and its salts (BALABAN), 571. 
C,H,O,N, Azodicarboxymethylamide (Cooper and INGoLp), 1895. 
C,H,0,S Methyl 8-thiolpropionate (DRuMMOND and G1sson), 3076. 
C,H,»»0,N, Hydrazinedicarboxymethylamide (Cooper and INcoLp), 1895. 


4 IV 
C,H,O,N,Cl Chlorobarbituric acid hydrazide (MacbeTH, NuNAN, and Tralt1), 
1251. 


C,H,0O,N,Br Bromobarbituric acid hydrazide (MacBeTH, NuNAN, and TRAILL), 
1252. 


4V 
C,H,O;NSAg, Methyl silver 8-thiolpropionate argentinitrate (DRUMMOND and 
Gibson), 3076. 
C,H,,0N,I,Cu Aquobisethylenediamminocupric iodide (MorGAN and BurstALt), 
2023. 


C,H.00,N,I,Cu Diaquobisethylenediamminocupric iodide (MorcaN and Bur- 
STALL), 2022. 

C; Group. 

C;H;N Pyridine, equilibrium of sulphur and (HAmMIcK and Hott), 1995 ; re- 
action between picric chloride and (HopGEs), 2417 ; bromoaurate, and additive 
compound with acetylene tetrabromide (FULTON), 198. 

C;H,N; 5-Diazo-3-propyl-1:2:4-triazoles, chloroaurates of (REILLY and Drumm), 

35. 

C;H,0, Acetylacetone, absorption spectra of (Morton and RosneEy), 706. 

C;H,.0; d-Arabinose, oxidation of (McOwan), 1747. 

C;H,)N, Aminopropyl-1:2:4-triazoles, and their salts (REILLY and Drumm), 1729. 

5 Ill 

C;H,0,.N, Crotonylcarbamides (Put.urps), 2981. 

C;H,N;,Cl 5-Chloro-3-propyl-1:2:4-triazoles (REILLY and Drumm), 1735. 

C;H,ON,; 3-Propyl-1:2:4-triazole-5-isodiazohydroxides (REILLY and Drumm), 
1735. 


51V 
C;H,ON,S 4:5-Dibydroiminazole-2-thioglycollo-l-lactam (STEPHEN and WILsoN), 
2535, 


C;H,0,N,Br «-Bromobutyrylcarbamide (PHtLiips), 2981. 
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5V 
C;H.oON,I,Cu Methanolbisethylenediamminocupric iodide (MorcaN and Bur- 
STALL), 2023. 


C, Group. 
C,H, Benzene, vapour pressure of (JoLLY and VINCENT), 2156. 


C,H, %-Hexane, effect of intensive drying on (Smits, pE LizrpE, Swart, and 
CLAASSEN), 2666. 
6 II 


C,H.O, Pyrocatechol, crystal structure of (CAspaRi), 573. 
Quinol, crystal structure of (CASPARI), 2944. 
C,H,S, 09-Dithiolbenzene (HURTLEY and SMILEs), 1821. 
C,H,O Mesityl oxide, absorption spectra of (Morton), 719. 
C,H,N a-Picoline, additive compound with acetylene tetrabromide (FuLtTon), 
199. 
C.H,N, -cis-2:5-Dimethylpiperazine, preparation and resolution of (K1prrnc and 
Pops), 1076. 
C.H10, Ethyl acetoacetate, absorption spectra of (MorToN and Rosney), 706. 
CyH0, 5-Gluconolactone, and 6-Mannonolactone, structure of (HAWoRTH and 
NIcHOLsoN), 1901. 
C,H,,0; 8-Methoxyisovaleric acid (FARMER and KRAcovsk!), 2821. 
C,H,,0; y-Methylxyloside (HawortH and Westcarrnh), 883. 
Rhamnose, constitution of (Htrst and MacsBern), 22. 
C,H,,0, Dextrose, structure of (CHARLTON, HAwortu, and Prat), 89 ; (Hirst), 
350 ; action of, on zirconium chloride solutions (Britron), 269. 
Fructose and y-Fructose, structure of (HAWorRTH and Hirst), 1858. 
C.HisN, (8’8”’-Triaminotriethylamine, complex nickel and palladium salts 
(Mann and Pore), 482. : 
6 Ill 


C.H;N,Fe Hydroferricyanic acid, salts, preparation and estimation of (CoMMING 
and Goop), 1924. 
C,H,0;S, Benzene-o-disulphonic anhydride (HuRTLEY and SmILEs), 1824. 


C.H,N,Fe Hydroferrocyanic acid, salts, preparation and estimation of (CUMMING 
and Goop), 1924 ; calcium, potassium, and sodium salts, solubilities of (Far- 
Row), 49. 


C,H;0,Cl 5-Chlororesorcinol (HopGson and WIGNALL), 2827. 
C,H;0,Br 5-Bromoresorcinol (Hopason and WIGNALL), 2827. 
C,H;0,I 5-Iodoresorcinol (HopGson and WiGNALL), 2827. 
C,H,0,S Benzenesulphonic acid, beryllium salt (Stpcwick and Lewis), 1290. 
C.H,N;Cl p-Diazoiminobenzene hydrochloride (Gray), 3178. 
C.H,,0,N, %-Dimethoxysuccinamide (HAworrH and Hirst), 1865. 
C.H,,0,N n- and iso-Buty] glycines and their salts (MoRGAN), 80. 

6 IV 
C.H,0,N,Cl Picryl chloride, reaction between pyridine and (Honezs), 2417. 
C,H,0,N,Br 3-Bromotrinitrophenols (HopGson and Moore), 160. 
C.H,0;N,Br 3-Bromodinitrophenols (HopGson and Moore), 158. 
C,H,OBrAs o-Bromophenylarsenious oxide (BURTON and GrBson), 457. 


C.H,O,NCl Chloronitrobenzene, action vf alcoholic potassium hydroxide on 
(RICHARDSON), 522. 


C,H,0;NCl 3-Chloro-2-nitrophenol (Hopason and Moore), 158. 
C,H,0,NBr 3-Bromonitrophenols (Hopcson and Moors), 157. 
C.H,0;NI 3-Iodo-5-nitrophenol (Hopa@son and WIGNALL), 2077. 
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C.H;0,NS, Benzenc-o-disulphonimide, and its silver salt (HuRTLBY and SMILEs), 
1825. 

C,H;0;NS, Benzene-o-disulphonhydroxyimide (+H,0) (HurtTLEy and Smtzzs), 
1824. 


C,H.N;Cl,Sb -Diazoiminobenzene hydrochloride-antimony trichloride (Gray), 
3178. 

C.H,0,N,As 5-Nitro-4-amino-2-hydroxyphenylarsinic acid (HEw1rr and Krne), 
825. 


C.H,0,SAs p-Sulphophenylarsinic acid (Hewitt, Kine, and Murcn), 1369. 

C,H,0,N.As 4:5-Diamino-2-hydroxyphenylarsinic acid (HEwirtT and Kine), 825. 

C.H0,N,.S Methyl 4:5-dihydroiminazole-2-thioglycollate (STEPHEN and WILSson), 
2535. 


C,H,,0,S,Ni Nickel thiopropionate (DRUMMoND and Grsson), 3077. 

C.H,,N,I,Ni Bistriaminopropanenickelous iodide (MANN and Pore), 2680. 

C.H,,0;N,Co Bistriaminopropanccobaltic hydroxide, salts of (MANN and Pops), 
2675. 


6V 

C.H,0,,.NBrS 3-Bromo-2:5:6-trinitrophenol-4-sulphonie acid, potassium salt 
(Hopeson and Moore), 161. 

C.H,O,NIAs 5-Iodo-3-nitro-4-hydroxyphenylarsenious oxide (MACALLUM), 1647, 

C.H,O,NIAs 5-Iodo-3-amino-4-hydroxyphenylarsinic acid, and its salts (MAcAL- 
LUM), 1645. 

C.H,,0N,I,Cu Ethanolbisethylenediamminocupric iodide (MorcGan, CARTER, and 
HARRISON), 2028. 

CoH2,0.N,SNi Bistriaminopropanenickelous sulphate (4+- 5H,0) (MANN and Port), 
2680, 


C,H,.ON,Cl,,Pt, Tetrachloro(triaminopropanehydrochloride)platinum chloro- 
platinate hydrate (MANN), 2687. 

C,H,,0,N,Br,Cu _Bis(triaminopropanehydrobromide) cupric bromide dihydrate 
(Mann), 2686. 


C, Group. 


C,H,S, 2-Thio-1:3-benzdithiole (HuRTLEY and SmILEs), 1826. 
C,H,0, Salicylaldehyde, condensation of, with benzyl methyl ketone (Dickinson), 
2234. 


C,H,0, Salicylic acid, heat of combustion of (VERKADE and Coops), 1437. 
C,H,0, cycloPentene-1:2-dicarboxylic acids (HASSELL and INGoLD), 1469, 
Piperylenedicarboxylic acid (HAssELL and INGOLD), 1468. 

C,H,N, Benzamidine, nitrate of (ForsyrH, NimKar, and Pymayn), 802. 

C,H,N Lutidine, additive compound with acetylene tetrabromide (FuLTon), 
198. 

C,H,.0, Acid, from methylation of ethyl isopropylidenemalonate (Kon and 
SPEIGHT), 2730. 


C,H,.0; cycloPentanol-1:2-dicarboxylic acid, and its silver salt (HAssELL and 
INGOLD), 1468. 


C,H,,N; 2:3:4-Triaminotoluene (GorNALL and Rosrnson), 1983. 


C,H,,0 Methylcyciohexanols, isomerism of, and their esters (GovucH, HunrzEr, 
and Kenyon), 2052. 


C,H,,0, Butyl lactates, rotatory dispersion of (Woop, Such, and Scarr), 
1928. 


C,H,,0, Methylfructose, transformation of, into derivatives of y-fructose (ALL- 
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7 Ill 
C,H,OS, 1:3-Benzdithiol-2-one (HurrLEy and SMILE), 1826. 
C,H,0,Cl, Dichloro-3-hydroxybenzaldehydes (Hopeson and Bzanp), 152. 
C,H,0,Br, 2:4:5:6-Tetrabromo-3-hydroxyanisole (HopGson and WIGNALL), 2826. 
C,H;OF Fluorobenzaldehydes (SHoEsMIrTH, Sosson, and SLATER), 2760. 
C,H;0,Cl Chloro-m-hydroxybenzaldehydes (HopGsoN and BEARD), 149. 
C,H;0,I 4-lodo-2:5-toluquinone (HopGson and Moore), 2040. 


C,H;0,N m-Nitrobenzaldehyde, condensation of quinaldine with (TayLor and 
Woopnovsse), 2971. 


C,H;0;N 5-Nitrosalicylic acid, crystallography of (CHATTAWAY and CuRJEL), 
3210. 


C,H;0,N, 2:3:4-Trinitrotoluene (GoRNALL and Rosinson), 1981. 
C,H;0,N, Trinitroguaiacols, and their salts (Oxrorp), 2009. 
C,H;C1S, 1:3-Benzdithiylium chloride (HURTLEY and SMILEs), 2267. 
C,H,OI, 3:5-Di-iodoanisole (Hopason and WiGNALL), 2078. 
C;H,O,N, Dinitroguaiacols (OxForD), 2008. 
Dinitrohomocatechol (GRAESSER-THOMAS, GULLAND, and Rosinson), 1975. 
C;H,O,S m-Carboxyphenylsulphuric acid, potassium salt (BURKHARDT and 
LAPWORTH), 689. 
C,H,.N,S -Aminobenzthiazole, and its hydrochloride (HuNTER), 1397. 
C,H,N,Se Selenocyanoaniline (CHALLENGER, PETERS, and HALivy), 1654. 
C,H,C1IBr Chlorobenzyl bromides (SHoEsMITH and SLATER), 214. 
C;H,BrI Bromobenzyl iodides (SHorsmiTH and SLATER), 219. 
C,H,BrF Fluorobenzyl bromides (SHorsmiTH and SLATER), 220. 
C;H,OCl Chloro-m-cresols (GrBson), 1424. 
4-Chlorocresols (HopGson and Moore), 2037. 
C;H,OBr 4-Bromocresols (HopGson and Moorg), 2037. 
C,H,OI 4-Iodo-o-cresol (Hopcson and Moore), 2037. 
C,H,OF o0-Fluoroanisole (HoLMEs and INGoLD), 1329. 


C,H,ONa Sodium benzyl oxide, reactions of, with alkyl iodides (GoLDsworTHy), 
1102. 


C;H,O,N o0-Nitrotoluene, mercuration of (Corrzy), 637; (Bunton, HAMMOND, 
and KENNER), 1802. 
m- and p-Nitrotoluenes, mercuration of (Corry), 3215. 
C;H,0,Cl 5-Chloro-3-hydroxyanisole (HopGson and WIGNALL), 2826. 
C,H,0,Br 5-Bromo-3-hydroxyanissle (HopGson and WIGNALL), 2826, 
C,H,0,I 5-Iodo-3-hydroxyanisole (Hopason and WIGNALL), 2826. 
C,H,O,N Nitroguaiacols (Oxrorp), 2004. 
C,H,0;N, Nitro-o-anisidines (C. K. and E. H. Incotp), 1318. 
C,H,0;S -Toluenesulphonic acid, beryllium salt (Stpcwick and Lewis), 1290. 
CH,0.Br, 2:3-Dibromocyclopentane-1:2-dicarboxylic acid (HASSELL and INGoLpD) 
469. 


C,H,O;N, 4-Nitro-2-aminotoluene-5-suiphonic acid, and its salts (Corrry), 3221. 
C,H,0,Br; 3-Bromo-1:1-dimethyl-A*-cyclopenten-2-ol-4-one (ROTHSTEIN and 
THORPE), 2017. 


C,H,,0,Cl Substance, from tellurium tetrachloride and keto-ethylenebisacetyl- 
acetone (MorGAN and TayLor), 48. 


C,H,,0,Na Diethyl sodiomalonate, action’ of, on ethyl citraconate or itaconate 
({NGOLD and SHOPPE), 1912. 


C,H,,0.T1, Trithallium methylglucoside (Fzar and Menzixs), 939. 
C,H,,0N, 5-Acetylamino-3-isopropy]-1:2:4-triazole (REILLY and Drumm), 1732. 
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C,H,,0;N, 7-Butyl carbamidoacetate (MoRGAN), 81. 
w-Ethoxymethylsuccinamide (INcoLD, SHOPPEE, and THoRPE), 1487. 
C,H,;0,N - and iso-Buty] alanines, and their salts (MorGAN), 82. 


7I1V 
C-HBCIS Trichlorophenylthiocarbimides (Dyson, Gxrorcr, and Hunter), 
43. 


C,H,0;NS, Nitro-1:3-benzdithiol-2-one (HURTLEY and SMILEs), 1826. 

C,H;0,NCI], Dichloronitro-3-hydroxybenzaldehydes, and their silver salts (Honc- 
SON and BEARD), 2034. 

C,H,0,N,Cl Chlorodinitro-3-hydroxybenzaldehydes, and their salts (Hopason and 
Brarp), 2035. 

C,H;NCI,S 2:3-Dichlorophenylthiocarbimide (Dyson, GrorcE, and Hunter), 


3042. 

C,H,O,NCl Chloronitro-3-hydroxy benzaldehydes, and their silver salts (Hopcsoy 
and BEARD), 2032. 

C/H,0.N,Cl, 2:6-Dichloro-4-nitro-3-hydroxybenzaldoxime (Hopeson and Bearp), 


—_— 2-Chloro-4:6-dinitro-3-hydroxybenzaldoxime (Hopcson and BEarp), 
2035. 


C,H,0,N,S 2:4-Dinitro-3-sulphobenzoic acid, sodium salt (GoRNALL and Rostn- 
son), 1983. 

C;H,NBrSe p-Bromopheny] selenocyanate (CHALLENGER, Perers, and HA.fvy), 
1655. 


C,H,ONS, 2-Oximino-1:3-benzdithiole (HuRTLEY and SMILEs), 1826, 

C,H;0,NCl, Dichlorohydroxybenzaldoximes (Hopason and Brarp), 152. 

C,H;0,N,Cl Chloronitro-3-hydroxybenzaldoximes (Hopeson and BEarp), 2032. 

C,H;0;N.F 4:6-Dinitro-2-fluoroanisole (HoLmEs and INGoLp), 13380. 

C/HN,Cl,S 3:4:6-Trichlorophenylthiocarbamide (Dyson, GEorGE, and Hunter), 
43. 


C,H;N,Br,3 5-Bromo-l-aminobenzthiazole dibromide (HUNTER), 1397. 
C,H;N,SNa Sodium o-phenylenethiocarbamide (STEPHEN and WILson), 2536. 
C,H,O,NCl Chloro-m-hydroxybenzaldoximes (HopGson and BEARD), 150. 
4-Chloronitrosocresols (HopGson and Moors), 2037. 
4-Chlorotoluquinone-5-oxime (HopGson and Moore), 2040. 
C,H,O,NBr 4-Bromonitrosocresols (Hopcson and Moore), 2038. 
4-Bromotoluquinone-5-oxime (Hopcson and Moore), 2040. 
C,H,O,NI 4-Iodonitrosocresols (Hopcson and Moors), 2038. 
4-Iodotoluquinone-5-oxime (Hopcson and Moors), 2040. 
C,H,0.N,Cl, 2:6-Dichloro-4-nitro-m-toluidine (Davies and LEEPER), 1416. 
C,H,O,NBr 3-Bromo-2-nitrophenyl methyl ether (Hopeson and Moone), 158. 
C,H,O,NI 3-Iodo-5-nitroanisole (Hopcson and WIGNALL), 2077. 
C,H,O,NF Nitro-o-fluoroanisoles (Hotmzs and INGoLp), 1830. 
C,H,O,N,S 3:5-Dinitro-2-hydroxyphenylmethylsulphone (Pottarp and Rosiy- 
sON), 3092. 
C,H,N,Cl,S 2:3-Dichlorophenylthiocarbamide (Dyson, GEorcE, and HunTER), 
8042, 


C,H,ON,Cl 2-Chloro-5-aminobenzaldoxime (Hopeson and Bgaxp), 151. 
C,H,0CI,Te p-Anisyltelluritrichloride (MorGAN and KELLETT), 1084. 
C,H,0,NS 5-Nitrothioguaiacol (Hotmes, C. K. and E. H. Incoxp), 1689. 
C,H:0,NS 2-Nitrotoluenesulphinic acids (CorrEy), 642. 
4-Nitrotoluenesulphinic acids, and their salts (CoFFEY), 3220. 
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C,H,O;NS Nitroanisole-2-sulphinic acids (HotmEs, C. K. and E. H. Incoxp), 
1688. 


5-Nitro-2-hydroxyphenylmethylsulphone (PoLLARD and Ropinson), 3092. 
3-Nitro-4-toluenesulphonic acid, salts of (Hzwirt, Kine, and Murcn), 1361. 
4-Nitrotoluene-3-sulphonic acid, and its salts (Corrry), 3222. 
C,H,ONC1 3-Chloro-5-aminoanisole (Hopcson and WIcNALL), 2078, 
4-Chloro-5-amino-o-cresol (HopGson and Moore), 2038. 
Chloroanisidines, and their hydrochlorides (Hopeson and HAanDLEy), 543. 
C,H,ONBr 3-Bromo-5-aminoanisole (Hopason and WiGNALL), 2078. 
C,H,ONI 3-Iodo-5-aminoanisole (HopGson and WiGNALL), 2078. 
4-Iodoaminocresols (HopGson and Moors), 2038. 
C,H,N.CIS y-Aminotoluthiazoles, and their hydrochlorides (HunTER), 1397. 
C;H,o0;N,S m-Tolylenediamine-3-sulphonic acid, sodium salt (GoRNALL and 
ROBINSON), 1982. 
C;Hi0,N,S Ethy] 4:5-dikydroiminazole-2-thioglycollate (SrEpHEN and WILson), 
2535. 


7V 
C;H,O,NCIHg Chloromercurinitrotoluenes (Corrry), 638, 3218. 
Cs Gr oup. 
CsHi y-Xylene, equilibrium of sulphur and (Hammick and Hott), 1995. 
8 Il 


C,H,0; o-Piperonal (PexkIN and Trikosvs), 2931. 

C,H,O, 0-Piperonylic acid (PERKIN and Trikosvus), 2929. 

C,H,N, Phenyleuediacetonitriles, reduction of (TiTLEy), 508. 

C,H,90, isoCreosol (GRAESSER-THOMAS, GULLAND, and Rosinson), 1972. 

C,H,0, cycloPentylidenemalonic acid (Kon and SrricHt), 2731. 

C,H,,0, Ethyl cyclopentanone-3-carboxylate (INGoLD, Suorrer, and THorPE), 
1486. 


C,H,,0, Dihydrosuberocolic acid (Goss and IncoLp), 1474. 
C,H,,0; Trimethyl y-arabonolactone, structure of (HAworTH and NicHoLson), 
1900. 


Trimethyl xylonolactones (HAWoRTH and WEsTGARTH), 885. 
C,H1,0, «a’-Dihydroxysuberic acid (Goss and INcoLp), 1473. 
C,H,,S, Ethylene trithioformate (HURTLEY and SmIzzEs), 2268. 
C,H:,0 Methylcyclohexylcarbinol, resolution of (DomiEo and Kenyon), 1841. 
C,H,,0; Trimethyl 7-xylose (HaworTH and WEsTGARTH), 885. 
Coblr0e Dimethyl glucose, new crystalline form of (HAWorTH and SED6wIck), 
2579. 


Methyl methylfructoside (ALLPRESS), 1722. 
8 III 

C,H,0,S, 1:4-Benzdithian-2:3-dione (HuRTLEY and SmiLEs), 2268. 
C,H;0,Cl, 2:4:6-Trichloro-3-methoxybenzaldehyde (Hopason and Brarp), 155. 
C,H;0,N 2:3-Methylenedioxybenzonitrile (PERKIN and Trikosvs), 2930. 
C,H;0,Cl 2:3-Methylenedioxybenzoy! chloride (PERKIN and TrIKosus), 2929. 
C,H,0,Cl Dichloro-3-methoxybenzaldehydes (Hopcson and Brarp), 154. 
C.H,0,Cl, 3:5-Dichloropheny] acetate (HopGson and WieNnALL), 2078. 
C,H,0,Br, 3:5-Dibromopheny] acetate (Hopcson and WIcGNALL), 2078. 
C.H,0;Cl, 2:6-Dichloro-3-methoxybenzoic acid (Hopcson and BEARD), 155. 
C,H,NBr 6-Bromo-o-toluonitrile (Burton, HAMMOND, and KENNER), 1803. 
C,H,ON, Acetyl-1:2:3-benztriazole (BELU and Kenyon), 954. 
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C,H,0,N o0-Piperonaloximes (PERKIN and Trikodvs), 2931. 

C,H,0,Cl Chloro-3-methoxybenzaldehydes (HopGson and BEARD), 154. 
Phenylchloroacetic acid, action of water on (WARD), 1184. 

C,H,0,Br Phenylbromoacetic acid, action of water on (WaRD), 1184. 

C,H,0,N 2-8-Methylenedioxybenzamide (PERKIN and Trikosvs), 2930. 

C,H,0,Cl Chloro-m-methoxybenzoic acids (G1Bson), 1428. 

C,H,0;N, N-Methyl-2:4-dinitrobenzaldoxime (Brapy, Dunn, and GoLpsTeIn), 

393, ' 


C,H,0,N, 3:5-Dinitro-N-acetyl-o-aminophenol (C. K. and E. H. Incoup), 1821. 

C,H,NSe p-Tolyl selenocyanate (CHALLENGER, Peers, and Hatfvy), 1654. 

C,H,OCl, 2:5-Dichloro-m-tolyl methyl ether (GrBson), 1426. 

C,H,0,N, 2:3-Methylenedioxybenzenylamino-oxime (PERKIN and TRIkoJUs), 
2930. 


o-Nitrobenzomethylamide (Brapvy and Dunn), 2415. 

C,H,0,S dil-m-Carboxyphenyl methyl sulphoxide, resolution of, and its salts 
(HARRISON, KENYON, and PHILLIPS), 2088. 

C,H,0,N, Nitroacetylaminophenols (HEwiTr and Kine), 822; (C. K. and E, H. 
INGOLD), 1322. 

C,H,0;N, 2:4-Dinitro-3-methoxytoluene (GoRNALL and Rostinson), 1984. 

C,H,0,N, 2:6-Dinitrocreosols, and their salts (GraEssER-THOMAS, GULLAND, and 
Rosrnson), 1973. 

C,H,0,N, 3:6-Dinitroveratrole (Oxrorp), 2008. 

C,H,N.S 1-Aminomethylbenzthiazoles (HUNTER), 1398. 
1-Imino-2-methy]-1:2-dihydrobenzthiazole (HUNTER), 1393. 
1-Methylaminobenzthiazole (HUNTER), 1394. 

C,H,OCl Chloro-m-tolyl methyl ethers (Gisson), 1425. 

C,H,0,N 2-Nitro-3-hydroxy-p-tolyl methyl ether (GULLAND and Rostnsoy), 

1980. 
C,H,,OS S-Methylthioguaiacol, nitration of (PoLLARD and Rosinson), 3090; 
(C. K, and KE. H. Incotp), 3093. 

C,H, 0,S 2-Methoxyphenyl methyl sulphoxide (PoLLARD and Rosinson), 3091. 

C,H190,;N Nitro-N-methyl-o-anisidines (C. K. and E. H. INcoup), 1325. 

C.H,,0,N, 2-Nitro-6-aminozsocreosol (GULLAND and Rosrinson), 1979. 

C,H,,0,S, Benzene-o-dimethylsulphone (HuRTLEY and SmILEs), 1825. 

C,H,,0N p-Phenetidine, zincichloride of (BANFIELD and KENyon), 1625. 

C,H,,0,N, 3:6-Diaminoveratrole (OxrorD), 2008. 

— and their hydrochlorides (PERKIN and RUBENSTEIN), 


C.H;,0,Br, a’-Dibromosuberic acid (Goss and INcoLp), 1473. 
C,H,,0,N, Butane-aaSy-tetracarboxyamide (INcoLD and Suorree), 1917. 


8IV 
C,H,O,NCl Chloronitro-8-methoxybenzaldehydes (Hopason and BEarp), 2032. 
8-Chloro-5-nitrophenyl acetate (HopGson and WiGNALL), 2077. 
C,H,O,NBr 3-Bromo-5-nitrophenyl acetate (HopGson and WIGNALL), 2077. 
C,H,O,NI 3-Iodo-5-nitropheny] acetate (HopGson and WIGNALL), 2077. 
C,H,0,N,Cl, Dichloronitro-3-hydroxybenzaldehyde semicarbazones (HopGson and 
BEARD), 2035. 
C,H,O,.N,Cl Chlorodinitro-3-hydroxybenzaldehyde semicarbazones (HopGson and 
BEARD), 2035. 
—— 2-Keto-1-methyl-1:2-dihydrobenzisothiazole (MCCLELLAND and Gait), 
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C;H,0,N,Cl Chloronitro-3-hydroxybenzaldehyde semicarbazones (Hopeson and 
Bearp), 2032. 

C,H,N,BrS Bromo-1-amino-3-methylbenzthiazole, and its hydrobromide(HuNTER), 
1398. 


5-Bromo-1-methylaminobenzthiazole (HUNTER and SoyKa), 2962. 
C,H,N,Br,S 5-Bromo-l-methylaminobenzthiazole hexabromide (HuNTER and 
SoyKA), 2961. 
C,H,ONC] 6-Chloro-2-nitro-m-tolyl methyl ether (Gisson), 1427. 
Methyl]-p-chlorobenzaldoximes (Brapy, DuNN, and GoLpDsrEIN), 2391. 
C,H,ON,Cl p-Acetylaminobenzenediazonium chloride (Gray), 3178. 
C,H,0Br,S 3:5-Dibromo-S-methylthioguaiacol (Houmes, C. K. and E. H, In- 
GOLD), 1690. 
C,H,0,NCl Chloro-3-methoxybenzaldoximes (Hopcson and Brarp), 154. 
C,H,0,N,C1 Chloro-m-hydroxybenzaldehyde semicarbazones (Hopgson and 
BEakD), 150. 
C,H,N,Br,S 1-Imino-2-methyl-1:2-dihydrobenzthiazole dibromide (HuNTER), 
1392. 


Methylaminobenzthiazole dibromides (HUNTER), 1393, 1398, 2954. 
C,H,N,Br,S Methylaminobenzthiazole tetrabromides (HuNTER), 1398, 1399. 
C,H,OCI,Te Methoxytolyltelluritrichlorides (MorGAN and KELLETT), 1086. 
C,H,O,N,I 4-lodo-2-nitrodimethylaniline (A1rkEN and Reapg), 1897. 
C,H,O;NS Acetanilide-m-sulphinic acid (CHILD and SMILEs), 2699. 
2- and 4-Nitro-5-methoxythioanisoles (HopGson and HANDLEY), 544. 
Nitromethylthioguaiacols (Homes, C. K. and E. H. INcotv), 1687. 
C,H,0O;N,Cl N-Methylnitrobenzaldoxime hydrochlorides (Brapy, Dunn, and 
GOLDSTEIN), 2394. 
C,H,O,NS 4-Nitro-2-methoxyphenylmethylsulphoxide (Hotmes, C. K. and 
E. H. INGoip), 1689. 
5-Nitro-2-methoxyphenyl methyl sulphoxide (PoLLARD and Rosinsox), 3091; 
(C. K. and E. H. InGoup), 3093. 
C,H,O;NS Nitro-2-methoxyphenylmethylsulphones (Hotmzs, C. K. and E. H. 
INGOLD), 1687. 
C,H,O,N,Cr Acetylaminobenzenediazonium chromates (Gray), 3180. 
C,H,N,BrS s-p-Bromophenylmethylthiocarbamide (HUNTER and SoyKa), 2961. 
C,H,oONCl Chloro-3-methoxy-o-toluidines (Gipson), 1426. 
N-Methylbenzaldoxime hydrochloride (Brapy, Dunn, and GoLpsTEIN), 2394. 
C,Hio0,N,S Dimethoxydiazobenzenesulphonic acids, ammonium salts (PERKIN 
and RUBENSTEIN), 359. 
C,H,,ONS Anisidinemethyl thioethers, and their hydrochlorides (Hopcson and 
HANDLEY), 545. 
C,H,,0,NS, o0-Ethylsulphonylbenzenesulphonamide (HurtLey and SMILEs), 
1824. 


C,H,,0;N,S Dimethoxyphenylhydrazinosulphonic acids, ammonium salts (PER- 
KIN and RUBENSTEIN), 359. 

C,H,,;0N,Cl 5-Methylanilinosemicarbazide hydrochloride (BArRpD and WILson), 
2373. 


C,H,,0,S,Ni Ethyl nickel thiolacetate (DRUMMOND and Ginson), 3076. 
Methyl] nickel B-thiolpropiouate (DRUMMOND and GIBsoN), 3076. 
C,H,,0N,Cu, Aquobisethylenediamminocupric cuprocyanide (MorGAN and Bur- 
STALL), 2023. 
C.H;,0,N,Cu Bismethanolbisethylenediamminocupric cyanate tetrahydrate (Mor- 
GAN and BURSTALL), 2027. 
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8 V 
C,H,O,NIAs 5-Iodo-3-acetylamino-4-hydroxyphenylarsenious oxide (-++-1}H,0) 
(MacALLumM), 1647. 
- €,H,0O,NIS Acetanilide-p-sulphonyl iodide (CHILD and Sm1uEs), 2701. 
C,H,O,NIAs 5-Iodo-3-acetylamino-4-hydroxyphenylarsinic acid (MACcALLUM), 
1646. 


C, Group. 
C,H,, Methylstyrenes (TiTLEy), 517. 


9 II 

C,H,0, 3:4-Methylenedioxyphthalide (Perkin and Trixkosvus), 2930. 

C,H,0, Normeconinecarboxylic acid (PERKIN and Trikosvus), 2927. 

C,H,N Quinoline, equilibrium of sulphur and (HamMick and Hotz), 1995. 

Quinolines, bromoaurates, and additive compounds with acetylene tetrabromide 

(FuLTon), 198. 

C,H,.0 Benzyl methyl ketone, condensation of, with salicylaldehyde (Dicktn- 
sON), 2234. 

C,H,,.0, »-Hydroxy-w-methoxyacetophenone (ROBERTSON and Rosinson), 1715. 

CoH 04 Methyl hydrogen A*-tetrahydrotsophthalate (FARMER and RicHARDSON), 
2175. 


Acid, from methylation of ethyl cyclopentylidene malonate (Kon and Sprieut), 
732. 


C,H,,N 8-Tolylethylamines, and their salts (T1rLEy), 517. 
C,H,,0, cis-o-Carboxycyclohexaneacetic acid, preparation of (Kon and QupRat-1- 
KuupaA), 3071. 
Ethyl citraconate or itaconate, action of ethyl sodiomalonate on (INcoLtpD and 
SHorrEs), 1912. 
1-Methyl 1’-hydrogen cyclohexane-1:1’-carboxylate (WIGHTMAN), 2543. 
C,H,,0; «-Ketoazelaic acid (Goss and INcoup), 1477. 
C,H,.0, «a’-Dihydroxyazelaic acid, and its silver salt (Goss and Incoup), 1476. 
— acids, and their silver salts (HassELL and INGoLD), 
470. 


C,H,,0, Trimethylglucose, new crystalline form of (HAworTH and SzDGwick), 
2573. 


C,H,,0 isoPhorone, reactions of (BAKER), 663. 
C,H,,N, Triaminotripropylamine, salts of (Mann and Pops), 491. 


9 III 

C,H,0,Br, 6:-Dibromo-3:4-methylenedioxystyrene (HAworTH, PERKIN, and 
STEVENS), 1766. 

C,H.N,Br, 4:5-Dibromo-2-phenylglyoxaline, and its salts (ForsytH, NimMKAR, 
and PyMAN), 806. 

C,H,0,Cl 2-Chloro-3-acetoxybenzaldehyde (Hopson and Bgarp), 150. 

C,H,0,N, Allyl 2:4:6-trinitrophenyl ether (FAIRBOURNE and FosTEr), 3148. 

C,H,N,Br 4(5)-Bromo-2-phenylglyoxaline, and its salts (ForsyrH, NIMKAR, and 
PymAn), 807. © 

C,H,0;N, Methyl-6-nitro-3:4-methylenedioxybenzaldoximes (Brapy, Dunn, and 
GOLDSTEIN), 2391. 

C,H,0,N;, 2-m-Nitrophenyl-4:5-dihydroglyoxaline, salts of (ForsyrH, Nimxkar, 
and Pyman), 805. 

C,H,0,N 3:4-Methylenedioxybenzomethylamide (Brapy and Dunn), 2415. 


ee (Brapy, Dunn, and GoLpsTEIN), 
2 
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C,H,0;N Ethyl 5-nitrosalicylate, crystallography of (CHATTAWay and CuRJEL), 
3214. 


5-Nitro-2-ethoxybenzoic acid (CHATTAWAY), 2724. 

C,H,,0,N, 8-O-Methyl-3-nitro-p-methoxybenzaldoxime (Brapy, Dunn, and 

GOLDSTEIN), 2402. 

Nitroaceto-o-anisidides (C. K. and E. H. INcoup), 1317, 1319. 

C,H 0.N, 4:5-Dinitro-2-ethoxyanisole (ALLAN and Rosinson), 378. 
2:6-Dinitrohomoveratrole (GRAESSER-THOMAS, GULLAND, and Ropinson), 1976. 

C,H,oN,S 1-Amino-3:5-dimethylbenzthiazole (HUNTER), 1400, 
1-Ethylaminobenzthiazole (HUNTER), 2955. 
1-Imino-2-ethyl-1:2-dihydrobenzthiazole (HUNTER), 1394. 

C,H,.N,Se Selenocyanodimethylaniline (CHALLENGER, PrTErs, and HALkvy), 

654. 


C,H,» ClAs As-Chlorotetrahydroarsinoline (RoBERTS, TURNER, and Bury), 1445. 

C,H,,0,N p-Methoxybenzomethylamide (Brapy and Dunn), 2116. 
Methylmethoxybenzaldoximes (Brapy, Dunn, and GoLpsTEIN), 2391. 

C,H,,0,;N Phenylserines, isomeric (Forster and Rao), 1943. 

C,H,,0,Br 5-Bromo-2:3-dimethoxybenzyl alcohol (RUBENSTEIN), 650. 

C,H,,0,N Nitro-4-ethoxyanisoles (RopiNson and SmiTR), 395. 

C,H,,0;N 5-Nitro-2:3-dimethoxybenzyl alcohol (RUBENSTEIN), 649. 

C,H,,0Br, Tetrabromo-3:3:5-trimethylcyclohexan-l-one (BAKER), 668. 

C,H,,0,N, -Nitrobenzyldimethylamine (Goss, IncoLD, and W1Lson), 2458. 
cise-Phenylserine amide (ForsTER and Rao), 1948. 

C,H,,0,N, 4-Nitro-NN-dimethyl-o-anisidine (C. K. and E. H. Incoxp), 1326, 

C,H,,0,N 5-Amino-2:3-dimethoxybenzoic acid (RuBENSTEIN), 652. 
+ icc and its hydrochloride (GULLAND and Rosinsoy), 

9. 
C,H,;0,N 1-Methy] 1’-carbamylcyc/ohexane-1-carboxylate (WIGHTMAN), 2544. 
C,H,;0,;N, Ethyl] cyclopentanone-3-carboxylate semicarbazone (INGOLD, SHOPPER, 
and THORPE), 1486. 

C,H,,0Br Bromoisophorone (BAKER), 668. 

C,H,,0,N, «a’-Dimethoxypimelamides (HAssELL and INcotn), 1470. 

C,H,,0,N 2-Butyl valine, and its salts (MorGAN), 83. 


9 IV 

C,H;0,N,Br, 4:5-Dibromo-2-nitrophenylglyoxalines (ForsyTH, NimKaR, and 
PyMay), 806. 

C,H,ON,S Benziminazole-2-thioglycollo-1-lactam (STEPHEN and WILSON), 2536. 

C,H,O,N;Br  4(5)-Bromo-2-p-nitrophenylglyoxaline (ForsyTH, NimKar, and 
Pymay), 807. 

C,H,0,N,Cl, 2:6-Dichloro-4-nitrochloroaceto-m-toluidide (DaAviEs and LEEPER), 
41/7. 


C,H,O;NS Phthalimidomethanesuiphonic acid, and its barium salt (BALABAN),573. 

C,H,0,N,Br, Dibromo-derivative of allyl 2:4:6-trinitrophenyl ether (FAIRBOURNE 
and FosrER), 3148. 

C,H,ON,S 1-Imino-2-acetyl-1:2-dihydrobenzthiazole (HUNTER), 1395. 

C,H,O,NBr 3-Bromo-2-acetylaminobenzoic acid (Burton, HamMonp, and 
KENNER), 1803. 5 

CAG eee Ethyl 3-bromonitrobenzoate (BuRTON, HAMMOND, and KENNER), 


C,H,O,N,Cl N-Methyl-6-nitro-3:4-methylenedioxybenzaldoxime —_ hydrochloride 
(Brapy, Dunn, and GoLpsTEry), 2394. 
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C,H,N,BrS 5-Bromo-l-ethylaminobenzthiazole (HUNTER and SoyKa), 2962. 
C,H,N.Br,S 5-Bromo-l-ethylaminobenzthiazole dibromide and 5-Rromo-1-ethy]- 
immo-1:2-dihydrobenzthiazole dibromide (HUNTER and SoyKa), 2962. 


C,H,ONBr Acetyl-3-bromo-o-toluidine (Burton, HamMonp, and KENNER), 
1803. 


C,H,ONI 1-Methylbenzoxazole methiodide (CLARK), 284. 


C,H,,0;NCl N-Methyl-3:4-methylenedioxybenzaldoxime hydrochloride (Brapy, 
Dunn, and GoLDsTEIN), 2394. 


C,H,,0,NBr 6-Bromo-2-nitrohomoveratrole (GULLAND and Rostnson), 1979. 
C,H,o0;NC1 1-Methylbenzoxazole methoperchlorate (CLARK), 234. 
C,H,.N,Br,S 1-Ethylaminobenzthiazole dibromide (HUNTER), 2955. 
C,H,N.Br,S 1-Amino-3-5-dimethylbenzthiazole tetrabromide (HuNTER), 1399. 
1-Imino-2-ethyl-1:2-dihydrobenzthiazole tetrabromide (HUNTER), 1894, 
C,H,,ONS 2-Acetylaminotolyl 5-mercaptan (CHILD and Sm1LEs), 2700. 
C,H,,0,NS p-Acetylaminophenylmethylsulp':one (CHILD and Sizes), 2699. 
2-Acetylaminotoluene-5-sulphinic acid (CH11.p and SmILEs), 2700. 
C,H,,0,S,AS p-Xanthylphenylarsinic acid (Hewitt, Kine, and Murcn), 1369. 
C,H,,N.BrS s-p-Bromophenylethylthiocarbamide (HUNTER and SoyKa), 2962. 


C,H,.0,NCl N-Methylmethoxybenzaldoxime hydrochlorides (Brapy, Dunn, and 
GOLDSTEIN), 2394. 


C,H,,0,NI N-Methylmethoxybenzaldoxime hydriodides (Brapy, Dunn, and 
GOLDSTEIN), 2396. 


C,H,,0,N,S N-Methylnitrobenzaldoxime methosulphates (BRADY, Dunn, and 
GOLDSTEIN), 2394. 


C,H,;0;NS N-Methylbenzaldoxime methosulphate (BRaApy, Dunn, and Go p- 
STEIN), 2395. 


C,H,;NCIBr »-Bromophenyltrimethylammonium chloride (READE), 2531. 


9V 
C,H,ON,BrS 5-Bromo-1-acetylaminobenzthiazole (HuNTER), 1398. 
5-Bromo-1-imino-2-acetyl-1:2-dihydrobenzthiazole (HUNTER), 1398. 
C,H,ON,Br,S 1-Imino-2-acetyl-1:2-dihydrobenzthiazole dibromide (Hunter), 
1394, 


C,H,ON,Br,S 1-Acetylaminobenzthiazole tetrabromide (HUNTER), 1395. 
C,H,ON,Br,S 1-Acetylaminobenzthiazole hexabromide (HunTER), 1397. 


C,H,,ON,Br,S 1-Imino-2-acetyl-1:2-dihydrobenzthiazole dibromide hydrobromide 
(Hunter), 1395. 


C,H»0,NCIS 2-Acetylaminotoluene-5-sulphony] chloride (CHILD and SmILzs), 
2700. 


C,H,O.NCl 5-Nitrohomoveratrole-6-sulphonyl chloride (GuLLAND and Rostn- 
sON), 1977. 


C,H,,0,NIAs 5-Iodo-3-carbethoxyamino-4-hydroxyphenylarsinic acid (MACAL- 
LUM), 1646. 


C,, Group. 


C,oH:, «@-Ethylstyrene (Jonxson and Kon), 2755. 


CyoH,, -sec.-Butylbenzene, preparation and rotation of (HARRIsoN, Kenyon, and 
SHEPHERD), 658. 


10 II 


CioH,0O; 3:4-Methylenedioxyhomophthalic anhydride (HAworTH, PERKIN, and 
STEVENS), 1769. 


CioH,0, 2:3-Methylenedioxycinnamic acid (PERKIN and TriKosvs), 2932. 
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CyoHs0, 3-Hydroxy-4-methoxyphthalidecarboxylic acid (PERKIN and TRIKOJUS), 
2928. 


3:4-Methylenedioxyhomophthalic acid (HAworTH, PkRKIN, and STEVENs), 1769. 
Methyl normeconinecarboxylate (PERKIN and TRIKOJUs), 2928. 
CioH,N Quinaldine, condensation of, with m-nitrobenzaldehyde (TAYLoR and 
WoopHovsse), 2971. 
C,0Hi00, 8-Phenyl-A8-butenoic acid (JoHNson and Kon), 2752. 
Styrylacetic acid, and its potassium salt (LINSTEAD and WILLIAMS), 2741. 
CoH 00, w-Acetoxy-4-hydroxyacetophenone (NoLAN, Pratt, and RoBinson), 
1969. 


Ethyl o-piperonylate (PERKIN and TrikKosus), 2929. 
C.oH,,N 1:2-Dihydroquinaldine, synthesis of (MAsoNn), 955. 
C1oH,,0, Acetylisocreosol (GRAESSER-THOMAS, GULLAND, and Rosinson), 1973. 
p-isoPropoxybenzoic acid (BRADLEY and Ropinson), 2361. 
C,oH,.0, Ethyl »-methoxyphenyl carbonate (Ropinson and Smiru), 394. 
C1oH,,0,. Dicarbomethoxyarabinose carbonate (HAWorTH and Maw), 1752. 
C,.H,3;N 1-Methyl-a1:3-cyclohexadieny]-3-propionitrile (FARMER and Ross), 1576. 
C,oH,,0, 1:3-Diketodecahydronaphthalene (Kon and Quprat-1-Kuupa), 3071. 
cycloHexanespirocyclopentane-2:4-dione (ROTHSTEIN and THORPE), 2016. 
Croll.0s Ethyl hydrogen A?-tetrahydroisophthalate (FAnmMER and RIcHARDsON), 
2174. 


Ethyl mesityloxido-oxalate, absorption spectra of (Morron and RocErs), 713. 
Methyl tetrahydrotsophthalates (FARMER and RicHARDsON), 2176. 
Acid, from methylation of ethyl A?-cyclohexenylmalonate (Kon and SPEIGHT), 
2734. 
C,9H,,0, 83-Dicarboxysuberic acid (INcoLD and SHopPEE), 1917. 
C1oH,,.N, Benzenyltrimethylamidine, nitrate of (ForsyrH, NimKar, and Pymay), 
808. 


Nicotine, bromoaurate and additive compound with acetylene tetrabromide 
(FuLTon), 198. 
C,.H,;N 8-Tolylethylmethylamines, and their salts (TiTLEY), 517. 
C,oH,;,0 Carone, catalytic hydrogenation of (IyER and StmonsEN), 2049, 
Piperitone, condensation of, with aldehydes (EArt and Reap), 2072. 
—s oxidation of, with hydrogen peroxide (HENDERSON and RoBERTSON), 
2761. 
CioH,,0, 1-Acetyleyclohexane-1-acetic acid (RoTHSTEIN and THORPE), 2016. 
Acid, from hydrolysis of substance C,,H,,0,N (Kon and NuTLanp), 3108. 
C,,H,.0, Dimethyl cyc/ohexane-i:1-dicarboxylate (WIGHTMAN), 2543. 
C,.H,.N Benzyltrimethylamine, nitrate of (INc and Roprnson), 1666. 
C,oH,.N, 3:3’-Di-n-propyl-5:5’-azo-1:2:4-triazole (REILLY and Drumm), 1733. 
C,,H,,0, Tetramethyladipic acids, electrolytic synthesis of (Farmer and 
KRACOVSK!), 2318. 
C,oHyg0, a’-Dimethoxysuberic acid (Goss and INcotp), 1475. 
C,H,.0 yn-Dimethyloctan-e-one (JonEs), 2769. 
C1oH,.0, Tetramethyl y-fructose, oxidation of (McOwan), 1748. 
Tetramethylglucose, mutarotation of (Jonzs and Lowry), 720; (FAULKNER and 
Lowry), 1940; oxidation of (Hrrst), 351. 
C,.H,,N dl-Menthylamines, salts of (Reap, Cook, and SHANNON), 2226. 


10 III 
C,oH,0,Cl, Anhydro-2-688-trichloro-a-hydroxyethoxy-1-888-trichloro-a- 
hydroxyethylbenzene (CHATTAWAY), 2726. 
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C1oH,O,N, 8-Nitroquinoline-2-aldehyde (HAMMICK), 1301. 

CioH,ON Quinoline-2-aldehyde (Hamrick), 1308. 

C,oH,0,N 0-Cyanoallocinnamic acid, preparation of (Epwarps), 815. 

C,oH,0,Br 4-Bromo-6:7-methylenedioxy-1-hydrindone (HaworTH, PERKIN, and 
STEvEns), 1767. 

C,,H,0,Br 6-Bromo-3:4-methylenedioxycinnamic acid (HAWorTH, PERKIN, and 
SrevEns), 1766. 

C,oH,0,Br 4-Bromo-6:7-methylenedioxyhomophthalic acid (HAwortH, PErkry, 
and STEVENS), 1768. 

C,oH,NBr, -Dibromoquinaldine (Hamaick), 1802. 

C,oH,0,N, 1-Phenylbarbituric acid (MAcBETH, NUNAN, and TraItt), 1252. 

C,,H,0,S «- and 8-Naphthylsulphuric acids, potassium salts (BURKNARDT and 
LAPworTs), 689. 

CioH,NBr «-Bromoquinaldine (HAmMIcK), 1303. 

CyoH,ON w-Hydroxyquinaldine (Hammick), 1303. 

CyoH,OC] Styrylacetyl chloride (LinsTEAD and WILLIAMs), 2741. 

C,.H,O,N 8-o-Cyanophenylpropionic acid (EDwArRDs), 816. 

C,oH,O,N 0-Carboxycinnamonitrile (Epwarps), 817. 

Phthalideacetamide (EDwarps), 816. 

C,.H,O;N Piperonylpyruvic acid oxime (Epwarps), 744. 

C,o9H,oOS, 2-Acetyl-2-methyl-1:3-benzdithiole (HURTLEY and SMILEs), 2267. 

C,oH,,0,N, Aceto-p-nitrobenzomethylamide (Brapy and Duny), 2415. 

CroHly0sNs ON-Diacetyl derivatives of nitroaminophenols (Hewitt and Krxo), 
823. 


Nitro-ON-diacetyl-o-aminophenols (C. K. and E. H. Incoxp), 1321. 


C,oH,o0,N, 2-Nitro-4-acetylamino-3-methoxybenzoic acid (Roprnson and Snin- 
oDA), 1992 


C1oH,00,N, * canes manana: (GRAESSER-THOMAS, GULLAND, and Roniy- 
SON), 1974. 

C,oH,,ON N-Methylcinnamaldoxime (Brapy, Dunn, and GoLpsTEtn), 2393. 

C,oH,,0,N 1-Methyl-A'-cyclohexenylidene-3-cyanoacetic acid, and its salts 
(FARMER and Ross), 1575, 3237. 

C1oH,,0,C1 Ethyl w-chloro-m-toluaie (MorcaNn and Porter), 1258. 

C,oH,,0,N . ne (WrLirMorr and Simp- 
son), 2808. 

eae af 5-Nitro-3-acetoxy-p-tolyl methyl ether (GULLAND and Rostnsoy), 
1978. 


C,oH,O,N Ethyl 3-nitro-4-methoxyphenyl carbonate (Rosinson and SmirH), 
394. 


5-Nitro-2-ethoxyphenylglycollic acid, and its silver salt (CHATTAWAY), 2724. 
CyoH,,0,S a-p-Tolylthiolpropionic acid (BROooKER and SmILEs), 1726. 
CioH,,0,N 5-Nitro-2-ethoxybenzaldehyde semicarbazone, crystallography of 
(CHATTAWAY and CURJEL), 3214. 
CyoH,,0,N, Aceto-2-nitro-3-methoxy-p-toluidide (RopINson and SuHr1nopa), 1992. 
Nitro-N-methylaceto-o-anisidides (C. K. and E. H. Incop), 1324. 
CyoH;,0,N, 5-Nitro-2-ethoxybenzaldehyde semicarbazone (CHATTAWAY), 2725. 
C,oH,,0;N, 2-Nitro-6-acetylamino/socreosol (GULLAND and Rostnson), 1979. 
C1oH,,0,.N, Dinitro-2-propoxyanisoles (ALLAN and Rosinson), 380. 
C,oH,,.N,S _ 1-n-Propylaminobenzthiazole (HUNTER), 2955. 
CyoH,,0,N N-Methylaceto-o-anisidide (C. K. and E. H. INcotp), 1323, 


CyoH;;30,N; m-Nitrobenzenyltrimethylamidine, hydriodide of (Forsytu, NIMKAR, 
and Pyman), 804. 
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C,oH,30,Br cycloHexanespiro-3-bromo-A*-cyclopenten-2-ol-4-one (ROTHSTEIN and 
THORPE), 2017. 
CioH,30,N N-Methyl-3:4-dimethoxybenzaldoxime (Brapy, DunN, and GoLp- 
STEIN), 2391 
4-Oximino-5-cyclohexanespirocyclopenten-3-ol-1-one (HASSELL and INGOLD), 18389. 
cis-Phenyl-O-methylserine (ForsTER and Rao), 1948. 
Propane-1:3[[2:4-6-keto-4-methy]-3:4:5:6-tetrahydropyridine-5-carboxylic acid 
(FARMER and Ross), 3238. 
C,oH1;0;Br 5-Bromo-3-methoxy-2-ethoxybenzyl alcohol (RUBENSTEIN), 651. 
C1oH130,N 4-Nitro-5-cyclohexanespiro-0:1:2-bicyclopentene-1:3-diol (HASSELL and 
INGOLD), 1839. 
Nitro-2-propoxyanisoles (ALLAN and Rosinson), 380. 
Nitro-4-propoxyanisoles (RoBINSON and SmiTH), 398. 
C1oH,;0;N 5-Nitro-3-methoxy-2-ethoxybenzyl alcohol (RUBENSTEIN), 650. 
CioH,3N;S Acetone 5-phenylthiosemicarbazone (STEPHEN and WItson), 2534. 
C,oH,,0;N 1:4-Dioximino-5-cyclohexanespirocyclopenten-3-0l (HAsSELL and In- 
GOLD), 1839. 
C,.H,;0,N soNitrosocamphor, unstable form of (ForsTER and Rao), 2670, 
C,oH,,0.N, Nitrobenzyltrimethylamines, salts of (INc and Ropinson), 1667. 
CioHs:0.Ns 3-Propyl-1:2:4-triazole-5-azoacetylacetones (REILLY and Drumm), 
1736. 


CyoH,,0,N 8-Methylpimelic-8-acetic acid (FARMER and Ross), 3239. 

C,oHieN,.Cu; Bisethylenediamminocupric dicuprocyanide (MorcAN and Bur- 
STALL), 2024. 

C,oH,sIAs Benzyldimethylarsine methiodide (RopErts, TurNER, and Bury) 
1445. 


C,oH,,0,Cl 8-Octyl chloroacetate (RULE and MircHELL), 3207. 
CioH,,0,Br 8-Octyl bromoacetate (RuLE and MircHeEtt), 3207. 

CyoH,,0,I 8-Octyl iodoacetate (RuLE and MircHett), 3207. 

C.ioH,,0,N, 5-Acetylheptoic acid semicarbazone (Kon and Nut.anp), 3108, 
C,oH,,0,N - and iso-Butyl leucines, and their salts (Morean), 83. 


10 IV 


C,.H;0,N,Br, w-Dibromo-8-nitroquinaldine (HamMick), 1304. 

C,.H;0,N,Br, -Tribromonitroquinaldines (Hammick), 1803, 1304. 

C,oH;0,NC]l, Avhydro-5-nitro-2-888-trichloro-a-hydroxyethoxy-1-888-trichloro-a- 
hydroxyethylbenzene (CHATTAWAY), 2722. 

C,oH,O,NC1 1-Chloro-2-nitronaphthalene (Hopcson and KILNER), 9. 

C,.H,0,NBr 1-Bromo-2-nitronaphthalene (Hopcson and KILNER), 9. 

C,.H,O,NI 1-Iodo-2-nitronaphthalene (HopGson and K1LNEr), 9. 

C,oH.O,NI 5-Iodo-1-acetylisatin (AESCHLIMANN), 2910. 

C,oH,O,N,Br, 3:3-Dibromo-1-phenylbarbituric acid (MacserH, Nunan, and 
TRAILL), 1253. 

C,.H.O,NBr 4-Bromo-6:7-methylenedioxy-2-isonitroso-1-hydrindone (HAworTH, 
PERKIN, and STEVENS), 1768. 

C,,H,0,NCl, Anhydro-5-amino-2-888-trichloro-a-hydroxyethoxy-1-888-trichloro- 
a-hydroxyethylbenzene (CHATTAWAY), 2725. 

C,.H,0;N,Br 5-Bromo-l-phenylbarbituric acid ‘(MacseTH, NUNAN, and TRAILL), 
1253. 


C,.H,0,NBr §8-6-Bromopiperonylpropionitrile (BAKER), 1075. 
C,oH,O,N,S Benzylidene-3-amino-2:4-diketotetrahydrothiazole (STEPHEN and 


WILson), 2538. 
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C,,H,O,NBr Bromo-2-keto-1:2:3:4-tetrahydroquinoline-4-carboxylic acid 
(AESCHLIMANN), 2911. 

C,oH,0,NI lIodo-2-keto-1:2:3:4-tetrahydroquinoline-4-carboxylic acid (AESCHLI- 
MANN), 2911. 


C,.H,0,N,Cl, Glycerol ay-dichlorohydrin 3:5-dinitrobenzoate (FAIRBOURNE and 
FosTErR), 3151. 


C.oH,0,N,Br, Dibromo-derivative of allyl 3:5-dinitrobenzoate (FAIRBOURNE and 
FosTER), 3147. 


C,.H,N.Br,S, 2:6-Dimethylbenzbisthiazole hexabromide (HUNTER), 535. 


C,,.H,O,NBr, Glycerol ay-dibromohydrin p-nitrobenzoate (FAIRBOURNE and 
OSTER), 3151. = 


Dibromo-derivative of ally] p-nitrobenzoate (FAIRBOURNE and FostTER), 3147. 
C,oH,.0,N,S Methyl benziminazole-2-thioglycollate (STrzEPHEN and WILsoN), 
2536. 


C,.H,.0;NBr 8-6-Bromopiperonylpropionamide (BAKER), 1075. 

Cio9H,,0,;NS N-n-Propyl-o-benzoicsulphinide (McCLELLAND and Gait), 924. 

C,.H,,0,N,Br 3-Bromo-l-phenylbarbituric acid hydrazide (MacbeTH, Nunan, 
and TRAILL), 12538. 

C,.H,,N,BrS 5-Bromo-1-n-propylaminobenzthiazole (HUNTER and SoyK4), 2962. 


C,,H,,N.Br,S 5-Bromo-1l-n-propylaminobenzthiazole dibromide (HuNTER and 
SoyKA), 2962. 


C,.H,,O0NCl Phenylpropylcarbamy] chlorides (Prick), 3230. 
o-Tolylethylearbamy] chloride (Prick), 3281. 


C,,.H,,ONI N-Methylcinnamaldoxime hydriodide (Brapy, Dunn, and GoLp- 
STEIN), 2397. 


C,oH,,0,NCl Acetyl derivatives of chloro-3-methoxy-o-toluidines (GrBson), 1426. 

C,oH,,.N,Br,S 1-n-Propylaminobenzthiazole dibromide (HUNTER), 2955. 

C,oH,.N.Br,S 1-n-Propylaminobenzthiazole tetrabromide (HUNTER), 2955. 

C,oH,,0NS 2-Acetylamino-5-toly] methyl sulphide (Cu1LpD and Sizes), 2700. 

C,,H,;0,NBr, Bromopropane-!*[1?4-6-keto-4-methy]-3:4:5:6-tetrahy dropyridine- 
5-carboxylic acid (FARMER and Ross), 8238. 

C.oH,;0,NS N-Methy]-3:4-methylenedioxybenzaldoxime (Brapy, Dunn, and 
GOLDSTEIN), 2395. 

Col gM, Bes s-p-Bromopheny]-n-propylthiocarbamide (HuNTER and Soyxa), 

962. 


C,oH,,ONI »-Dimethylaminobenzaldehyde methiodide (FAIRBOURNE and Woop- 
LEY), 3241 


C,oH,;0,N,Cl 3-Carbethoxyanilinosemicarbazide hydrochloride (BarrD and 
Witson), 2375. 


C,o9H,,0,NS N-Methyl-p-methoxybenzaldoxime methosulphate (Brapy, Dunn, 
and GOLDSTEIN), 2395. 


C,.H,,0N,,Cu, Aquobisethylenediamminodicupric cuprocyanide (MorcaNn and 
BuRSTALL), 2024. 


C,oH,.N,.S,Cu Bis(triaminopropanethiocyanate)cupric thiocyanate (MANN), 
2686. 
10 V 
C,.H,;0BrSCd Thiolcamphor cadmibromide (DRUMMOND and Gisson), 3076. 
Cio, 0.NSAg, Silver thioleamphor argentinitrate (DRUMMOND and Grssoy), 
8075. 


C,, Group. 
C,H.» cycloHexanespirocyciohexane (NoRRIS), 252. 
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11 II 
C,,H,0,; 1-Methyl-2-quinolone-4-carboxylic acid (AESCHLIMANN), 2908. 
C,,H,N 4-Phenylpyridine, and its nitrates (ForsyTH and Pyman), 2923. 
C,,HioN, Aminopheny!pyridines, and their salts (ForsyrH and Pyman), 2917. 
C,,H,,N; y-Hydrazinophenylpyridines (ForsyrH and PymAn), 2917. 
C,,H,,0 5-Phenyl-Ay-penten-8-one (JoHNsON and Kon), 2757. 
C,,H,.0, Methyl 8-phenyl-AS-butenoate (JoHNson and Kon), 2752. 
B-Phenylvalerolactone (JOHNSON and Kon), 2755. 
C,,H,;.0, m-Carboxybenzylacetone (MorcANn and PorTER), 2161, 
Ethyl formylphenylacetate, absorption spectra of (MorTon and RoGErs), 713. 
Methoxyhydroxystyryl methyl ketones (McGookIN and SINcLarR), 1579. 
C,,H,,0, «-Acetoxy-3-methoxy-4-hydroxyacetophenone (NoLan, Pratt, and 
KOBINSON), 1970. 
C,:H,,.0, p-Ethylcarbonato-m-methoxybenzoic acid (HEAP and Rosinson), 2848. 
C,,H,,0, p-isoPropoxyacetophenone (BRADLEY and Rosinson), 2362, 
C,,H,,0; 3-Methoxy-5-cyclohexanespirocyclopentene-1:4-dione (HASsELL and In- 
GOLD), 1840. 
C1H..0, 4-Carboxy-2-ketocyclopentylmethylsuccinic acids (INGoLD and SHOPPEE), 
1916. 


C,,H,,Cl, cycloHexanespiro-3:5-dichloro-A**-cyclohexadiene (Norris), 258. 
C,,H,,0; 2:3-Diethoxybenzyl alcohol (RuBENSTEIN), 650. 
C,,H,,N Diethylbenzylamine, nitration of (Fitrscuzim and HoumEs), 1567. 
C,,H,,0 cycloHexanespirocyclohexan-3-one (NorRIs), 249. 
C,,H,,0, cycloHuxane-l-acetone-l-acetic acid (Norris), 248. 

= oe camphorphorone and ethyl sodiocyanoacetate (Kon and NUTLAND), 
C,,H,,0, cycloHexane-1-acetic-1-propionic acid (NorRIs), 250. 
C,,H,,0; Ethyl cyclopentanol-1:2-dicarboxylate (HAssELL and INGoLp), 1469. 
C,,H,,Br Bromocyclohexanespirocyclohexan-3-ol (NorRIs), 251. 
C,,H,.0 cycloHexanespirocyclohexan-3-0l (NorRIs), 250. 
CH 00s Ethyl cyclopentanonedicarboxylate (INcoLpD, SHorrEr, and THORPE), 

1486, 


C,H. 0, aa’-Dimethoxyazelaic arid, and its silver salt (Goss and Incoup), 1476. 
C,,Hg,0, 8-Octyl methoxyacetate (RULE and MiTcHELL), 3207. 


11 III 


C,,H,O,N Nitronaphthoic acids (HARRISON and Royzez), 89. 

C,,H,0,N, Nitrophenylpyridines, and their salts (Forsyru and PyMAn), 2916. 

C,,H;N,S 2-Aminonaphthathiazoles (HUNTER), 1400. 

C,,H,O,N Aminonaphthoic acids, and their salts (HARRISON and Rove), 87. 
a eS er aud its salts (WiLLImotr and Simpson), 

C,,H,O,Br Methyl 6-bromo-3:4-methylenedioxycinnamate (HAWORTH, PERKIN, 

and STEVENS), 1766, 
C8, 08 6-Methoxy-3-methylquinoline, and its salts (W1LLImMoTr and Simpson), 


C,,H,,0;N = 2-Keto-1-methy]-1:2:3:4-tetrah ydroquinoline-4-carboxylic acid 
(AESCHLIMANN), 2908 
Methy! 2-keto-1:2:3:4-tetrahydroquinoline-4-carboxylate (AESCHLIMANN), 2907. 


CuH,.0.Br 2-Bromo-5:6-dimethoxy-1-hydrindone (PERKIN, RAy, and Rosrnson), 
48. 
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a 5 nes (WiLLImoTT and S:mp- 

SON), } 

C,,H,,0,Br Methyl §8-6-bromopiperonylpropionate (HAWoRTH, PERKIN, and 
STEVENS), 1766. 

C,,H,,0,N Nitro-2:3-dimethoxycinnamic acids (RUBENSTEIN), 651. 

C,,H,,0ON, «-Cyano-y-phenylbutyramidé (LrsstEap and WILLIAMs), 2747. 

C,,H,,0S, 2-Acetonyl-2-methyl-1:3-benzdithiole (HuRTLEY and Sm1LEs), 2267. 

C,,H,;0,N Methyl 1-methyl-a**-cyclohexadienyl-3-cyanoacetate (FARMER and 
lioss), 1575. 

Methyl 1-methyl-A'-cyclohexenylidene-3-cyanoacetate (FARMER and Ross), 1574. 

CHO, Iodo-4-hydroxymethylisopropylbenzaldehydes (Henry and SnHarp), 

439. 


C,,H,;0,N Aceto-p-methoxybenzomethylamide (Brapy and Dunn), 2416. 
ON-Diacetyl-N-methyl-o-aminophenol (C, K. and E. H. Incoxp), 1327. 
C,,H,,0,N 8-Hydroxy-p-(2-carboxydimethoxypheny!)ethylamine lactones, and 
their salts (Epwarps), 745. 
CsH.OeN B-Hydroxy-8-(2-carboxydimethoxyphenyl)ethylamines (Epwakps), 
45. 


C,,H1,0,N, 4:5-Dinitro-2-m-butoxyanisole (ALLAN and Rostnson), 382. 
C,,H,,N,S 1-Butylaminobenzthiazoles (HUNTER), 2956. 
C,,H,;0N, isoButyrophenone semicarbazone (JoHNsoN and Kon), 2757. 
C,,H,,0Cl cycloHexanespiro-5-chloro-A‘-cyclohexer:-3-one (Norris), 248. 
C,,H,,0,;N 3-Methoxy-4-oximino-5-cyclohexanespirocyclopentene-1:4-dione (Has- 
SELL and INGOLD), 1840. 
Methyl] 1-methyleyclohexan-3-one-1-cyanoacetate (FARMER and Ross), 3237. 
C,,H,;0,Br 5-Bromo-2:3-diethoxybenzy] alcohol (RuBENSTEIN), 651. 
C,,H,,0,N Nitro-2-butoxyanisoles (ALLAN and Rosinson), 381. 
C,,H,,0,N 5-Nitro-2:3-diethoxybenzyl alcohol (RUBENSTEIN), 650. 
C,,H,,ON, Acetone 3-methylanilinosemicarbazone (BAInD and WIson), 2373. 
Acetone 3-p-toluidinosemicarbazone (BAIRD and WILSson), 2374. 
C,,H,.N,S s-Phenyl-n-butylthiocarbamide (HUNTER), 2955. 
C.1H,,ON, 2-cycloPentylidenecyclopentanone semicarbazone (Kon and NuTLanp), 
3106. 


C,,H,,0,N, Ethyl3-propyl-1:2:4-triazole-5-azoacetoacetates (REILLY and Drum), 
1737. 


C,,H,,[As Benzyldimethylarsine ethiodide (RoperTs, TurNER, and Bury), 
1445, 
C,,H,,O0N Decahydro-8-naphthamides (Kay and Stuart), 3038. 
cyclo Hexanespirocyclohexan-3-one oxime (NorRIs), 249. 
C,,H,,0N, 2-Ethyl-2-isopropenyleyclopentanone semicarbazone (Kon and Nvt- 
LAND), 3108. 
Hexahydrobenzylideneacetone semicarbazone (Kon and Suir), 1799. 
a-A}-cycloHexenylmethyl ethyl ketone semicarbazone (Kon and Sirs), 1797. 
a-cycloHexylidenebutan-y-one semicarbazone (Kon and SmiTH), 1800. 
a-Methyl-A!-cyclohexenylacetone semicarbazone (Kon and Smiru), 1796. 


C,,H;,0,N, 1-Acetyleyclohexane-l-acetic acid semicarbazone (RoTHsTEIN and 
THORPE), 2016. 

C,,H,,0,N, «-Hydroxy-a-cyclohexylbutan-y-one, and its semicarbazone (Kon and 
SMITH), 1798. 

C,,H,,0,N, Acetylmethylheptoic acid semicarbazones (Kon and NuTLanpD), 
3109. 

C,,H.,0,N, «a’-Dimethoxyazelamide (Goss and Incotp), 1476. 


3324 


FORMULA INDEX. 11 1V—12 Il 


1i IV 
C,,H,O,NBr 6-Bromopiperonylidenecyanoacetic acid (BAKER), 1075. 
C,,H,0;NI Methyl 6-iodo-2-quinolone-4-carboxylate (AESCHLIMANN), 2911. 
C,,H,N,Br,S 2-Aminonaphthathiazole tetrabromides (HUNTER), 1400. 
C,:H100,C1,S 2:5-Dichloropheny] acetylacetony] sulphide (Brooker and S1txs), 
1726. 


C,,H,00;NI, Thyroxin, tautomerism of (Hicks), 643. 

C,,H,,0,NS 2:4-Diketo-3-phenyl-5-ethyltetrahydrothiazo'e (STEPHEN and WIL- 
sux), 2534. 

C,,H,,0,CIS 4-Chlorophenyl acetylacetonyl sulphide (Brooker and Swiues), 
1726. 


C,,H,,0,NS 0-Nitrophenyl acetylacetony! sulphide (Brooker and SmizEs), 1727. 

C,,H,,0,N,S Ethyl] benziminazole-2-thioglycollate (SrzEPHEN and WiLson), 2536. 

C,,H,,0,NBr Methyl methylcyclohexenylidenecyanoacetate dibromides (FaRM- 
Ek and Ross), 1576. 

C,,H,,0,CIHg 4-Hydroxy-5-ch ioromercuri-3-methy]-6-isopropy] benzaldehyde 
(Hexry and SHARP), 2438. 

C,,H,:N,BrS 5-Bromo-1-butylaminobenzthiazoles (HunTER and SoyKa), 2963. 

C,,H,;N,Br,S 5-Bromo-l-butylaminobenzthiazole dibromides (Hunter and 
SoyKA), 2963. 

C,,H,,ONC] Phenylbutylcarbamy! chlorides (Price), 3231. 

C,,H,,N,Br,S 1-Butylaminobenzthiazole dibromides (HunTER), 2956. 

C,,H,,N,BrS s-p-Bromophenylbuty]thiocarbamides (HunTER and SoyKa), 2962. 


C,, Group. 
C,:H,9 Diphenyl, space formula of (Lz Fivre and Tcurner), 2476. 


12 II 
C,,H,Cl, 3:4-Dichlorodiphenyl (ScanpornoveH and Wares), 560. 
C,,H,Br, 3:5-Dibromodiphenyl (ScansorovcH and Warsrs), 561. 
C,.H,90, 5-Methoxy-a-naphthaldehyde (SHorsmitH and Rusxt), 3242. 
12H;,.0, Piperonyl ethyl ether (Epwarps), 743. 
C,.H,,0, w:4-Diacetoxyacetophenone (NoLAN, PRatT, and Rosinson), 1969. 
C,,H,,0, m-Meconineacetic acid (EpwaRps), 748. 
C,,H,,O %-Phenylhexen-8-ones (Jonson and Kon), 2758. 
C,,H,,0, 8-isoPropylcinnamic acid (JouNson and Kon), 2757. 
C,,H,,0, 3-Methoxy-2-ethoxycinnamic acid (RUBENSTEIN), 652. 
C,,H,,N; Benzaldehyde-3-n-propyl-1:2:4-triazolyl-5-hydrazone (REILLY and 
Drumm), 1734. ; 
C,,H,,0, 2-Hydroxy-5-isoamylbenzaldehyde (Henry and Snarp), 2437. 
C,,H,,0, 1-cycloHexy]-3:5-diketocycluhexane (Kon and Smrrn), 1799. 
C,,H,,0, Acid, from cyano-ester C,,H,,0,N (Kon and Nurianp), 3108. 
C,,H,,0, Ethylenebisacetylacetone, keto-enolic isomerism of (Morncan and 
TaYLor), 43. 
Ethyl cyclopentylidenemalonate (Kon and Spricnt), 2731. 
CisHss0c Ethyl diacetylsuccinate, absorption spectra of (MorToN and Rocers), 
13. 


C,,H,.0, Diisopropylidenemannose, .rotation and methylation of (IrnviINE and 
SKINNER), 1089. 
C,,H,.0,, Maltose, constitution of (IRvinz and Biack), 862 ; (Cooper, Haworta, 
and Peat), 876; {(HawortTH and Pear), 3095. 
Sucrose, constitution of (McOwawn), 1737, 1747 ; (Haworts and Hirst), 1858. 
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12 III 
C,,H,NI, Di-iodocarbazole (TuckER), 547. 
C,,.H,OTe Phenoxtellurine, and its salts (DREW), 231. 
C,,H,0,N, 3:4’-Dinitro-4-hydroxydiphenyl (BELL and Kenyon), 3049. 
C,,H,NCl, 3:5:4’-Trichloro-4-aminodiphenyl (ScaRBoRovGH and WatERs), 560. 
C,,H,NBr, 3:5:4’-Tribromo-4-aminodiphenyl (ScarBoRovcH and WaTERs), 561. 
C,,H,OCl 5-Methoxy-a-naphthoyl chloride (SHozsmiTH and Rvs11), 3242. 
C,,H,O,N 4’-Nitro-4-hydroxydiphenyl (Bett and Kenyon), 3049. 
C,,H,O,N 2-Nitro-4-phenoxyphenol (LEA and Rostnson), 412. 
CisH.ONs 3:5’-Dinitro-4’-amino-4-hydroxydiphenyl (Hopeson and Gorowara), 


C,,H,NCl, p’-Dichlorodiphenylamine (BURTON and Gipson), 2246. 
C,,H,NBr, 3:5-Dibromo-4-aminodiphenyl (ScarnorovcH and WarERs), 561. 
C,,H,o>NCl 3-Chloro-4-aminodiphenyl, and its hydrochloride (ScaRBoroveH and 
WarTERs), 560. 
C,.H,.NBr 3-Bromo-4-aminodiphenyl (KENyon and Rostnson), 3052. 
4’-Bromo-4-aminodiphenyl (ScaRBoROUGH and WarTERs), 560. 
CisHi NS 2-Methylamino-8-naphthathiazole (Dyson, Hunter, and Soyka), 
6. 


C,,H,,ON 4-Hydroxylaminodiphenyl (Bett, Kenyon, and Ronrnson), 1243. 

C,.H,,0,N a-Naphthylglycollamide (McKEnz1E and DENNER), 1600. 

C,.H,,0,N 2-Cyano-5:6-dimethoxy-1-hydrindone (Perkin, RAy, and Rosrnson), 
948. 


Methy! 1-methyl-2-quinolone-4-carboxylate (AESCHLIMANN), 2908. 
C,,H,,0,N 2-Carboxy-5- and -7-methoxyindole-3-acetic acids (PERKIN and 
RUBENSTEIN), 361. 
C,,.H,,0,N, Meconineacetyl azide (EDwarps), 746. 
CisH OWN, Triacetyl derivative of 5-nitro-2-aminophenol (Hewitt and Kune), 
23. , 


C,,.H,,0,N 6:7-Dimethoxy-3-methylquinoline, and its hydrochloride (W1LLIMoTT 
aud Simpson), 2810. 

C,,H,;0;N Meconineacetamide (Epwarps), 745. 

6-Nitro-3:4-dimethoxy-a-methylcinnamaldehyde (W1LLImoTT and Simpson), 

2810. 

C,,H,,;0,N 5-Nitro-3-methoxy-2-ethoxycinnamic acid (RUBENSTEIN), 652. 

C,,H,,;0,N Acetyl-5-nitro-2-ethoxyphenylglycollic acid (CHaTTAWAY), 2724. 

CisHiONe 5-Salicylideneamino-3-n-propyl-1:2:4-triazole (REILLY and Drum), 
1733. 


C,,H,,0,S p-Tolyl acetylacetonyl sulphide (BRookER and SmiuEs), 1726. 
C,,.H,,0;N, Nitroso-8-hydroxy-8-(2-carboxy-3-4-dimethoxypheny] )ethylmethyl- 
amine lactone (EDWARDS). 747. 
C,,H,,NI 3-Methylquinoline ethiodide (W1LLIMoTT and Simpson), 2809. 
Cy,H,NI, p-Toluquinaldine methiodide periodide (HUMPHRIES), 375. 
C,,H,,ON 8-Phenyl-y-methyl-4S-pentenoamide (Jonnson and Kon), 2757. 
B-Phenyl-A8-hexenoamide (Jonson and Kon), 2755. 
Anilide of acid, C,H,90, (Kon and Sprieurt), 2730. 
C,,H,,ON, 5-Phenyl-Ay-penten-8-one semicarbazone (Jonson and Kon), 2757. 
Styrylaretone semicarbazone (LINSTEAD and WILLIAMS), 2744. 
C,.H,,0,N Methyl 1-methyl-Al.3-cyclohexadienyl-3-a-cyanopropionate (FARMER 
au Ross), 1576. 
C,,H,,0,N, 2:4-Dinitro-m-tolylpiperidine (GoRNALL and Rospinson), 1984. 
C,,H,,0;N, 4-Nitro-o-anisidine diazopiperidide (HoLmks and INGoLp), 1333. 
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C::H,.0;Hg 2-Acetoxymercuri-p-tert,-butylphenol (HaNRy and SHarp), 2485. 
Acetoxymercuricarvacrol (HENRY and SHARP), 2436. 
C,,HisN,S 1-Amylaminobenzthiazoles (HunTER), 2956. 
C,,H,,ON; 0-Anisidine diazopiperidide (Hotmzs and INcoxp), 1329. 
CisHi,O.N Ethyl 1-methyleyclohexan-3-one-1-cyanoacetate (FARMER and Ross), 
3237. 


C,,H,,0,N 4-Nitro-1:3-dimethoxy-5-cyclohexane-0:1:2-spirocyclopentene (HASSELL 
and INGoLp), 1840. 

C,,H,,0;N 8-Hydroxy-8-(2-carboxydimethoxyphenyl)ethylmethylamines § (Ep- 
WAkDs), 749. 

C,,H,;,0N, Diethyl ketone 5-anilinosemicarbazone (BarrD and WILson), 2371. 

C,,H,,0,N, Nitrosoamine from base C,,H,,ON (BANFIELD and Kenyon), 1628. 

C,,H,,0;N, Methyl 1-methyleyc/ohexan-3-one-1-cyanoacetate  semicarbazone 
(FARMER and Koss), 3237. 

C,,H,sN.S s-Phenyl-n-amylthiocarbamide (HUNTER), 2956. 

C,,H,sIAS As-Methyltetrahydroarsindole ethiodide (RopEeRTs, TURNER, and Bury), 
1444, 


C,,H;,ON Base from reduction of C,,H,.O,N, (BANFIELD and Kenyon), 
1628. 


Substance, from pulegone and ethyl sodiocyanoacetate (Kon and NuTLanp), 
3110. 
C,:H.,.0,Br, Ethyl aa’-dibromosuberate (Goss and Incoup), 1473. 
C,.H,,0N, 2:5-Dimethyl-2-isopropenylcyclohexanone semicarbazone (Kon and 
NUTLAND), 3110. 
cycloHexane-1-acetone-1-acetic acid semicarbazone (Norris), 248. 
cyeloHexanespirocyclohexan-3-one semicarbazone (NorrRIs), 249. 
Se ee eer one semicarbazone (Kon and NuTLANp), 
3109. 
C,,H.,0,N, Ethylenebisacetylacetone tetraoximes (MoRGAN and Taytor), 48. 
C,,.H,,0,.N, Hexahydrobenzylideneacetone semicarbazide-semicarbazone (Kon and 
Smita), 1799. 
12 IV 
C,,H,ONBr, 3:4:4’-Tribromo-2’-nitrodiphenyl (Lz Fivre and TurNER), 2048. 
Ci2H.0.N,Cl, 4:4’-Dichlorodinitrodiphenyls, isomeric (Hopason and GorowaRa), 
1754. 


C,,H,0,N,I, 4:4’-Di-iododinitrodiphenyls (Honcson), 2885. 

C,,.H,O,N,Br 4-Bromo-2':3’:4’-trinitrodipheny] (Lz FivrE and TuRNER), 2044. 

C,,H,0,,N,Te 2:8-Dinitrophenoxtellurine 10:10-dinitrate (Drew), 3065. 

C,,H,O,NCl, 4:4’-Dichloro-2-nitrodiphenyl (Lz Fivre and Turner), 2045. 

C,,H,O,NBr, 4:4’-Dibromo-2-nitrodiphenyl (DENNETT and TuRNER), 479. 
4:4’-Dibromo-3-nitrodiphenyl (Lz Fivrz and TuRNER), 2046. 

C,.H,0,NI, 4:4’-Di-iodo-2-nitrodiphenyl (Hopa@son), 2385. 

C,.H,0,N,Te 2-Nitrophenoxtellurine 10:10-dinitrate (DREW), 3065. 

C,,H,NC],As 2:8:10-Trichloro-5:10-dihydrophenarsazine (Burton and GrBson), 

2246. 


C,,H,OCI],Te 10:10-Dichlorophenoxtellurine (Drew), 230. 
C,,H,0,N;Cl 4-Chloro-2:3’-dinitro-4’-aminodiphenyl (Lz Fivre and TuRNER), 
2048. 
4-Chloro-3:3’-dinitro-4’-aminodiphenyl (Hopeson and Gorowara), 1757. 
CiH,0.NsBr 4-Bromo-2:3’-dinitro-4’-aminodiphenyl (LE Fzvre and TURNER), 
048. 


C,,H,0,N.Te Phenoxtellurine 10:10-dinitrate (Drew), 3065. 
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C,,H,NC],As Dichloro-5:10-dihydrophenarsazines (BURTON and Grpson), 2246, 
C,,H,CISAs 10-Chlorophenthiarsine (RoBERTS and TURNER), 1209, 
C,,H,OC],Te p-Phenoxyphenyltelluritrichloride (DREW), 227. 

C,,H,OSAs 0-Phenylthiolphenylarsenious oxide (RoBERTs and TuRNER), 1208. 
CisH,0.N,Br 4-Bromo-3’-nitro-4’-aminodiphenyl (LE Fikvre and Turner), 


C,,H,0,NCl, Acetylanhydro-5-amino-2-888-trichloro-a-hydroxyethoxy-1-888- 
trichloro-a-hydroxyethylbenzene (CHAaTTAWAY), 2726. 


C,,H,0,NS, Benzene-o-disulphonphenylimide (HuRTLEyY and SmizEs), 1825. 
C,,H,0,N,As Nitrophenarsazinic acid, salts of (BuRToN and Gipson), 2245. 
CisH,0,0NsTe 4:8-Dinitro-10-hydroxyphenoxtellurine 10-nitrate hydrate (Drew), 


Cu iNCIAS 10-Chloro-5:10- -dihydrophenarsazine (BurToN and Gipson), 450, 


0,.81,01,SAs o-Phenylthiolphenyldichloroarsine (RoBERTS and TURNER), 1208. 

C,,Hi90,NI Ethyl 6-iodo-3-quinolone-4-carboxylate (AESCHLIMANN), 2911. 

C,,:H,,.0,N,.Te 4-Nitro-10-hydroxyphenoxtellurine 10-nitrate hydrate (Drew), 
3065. 


Ci2H,.N.Br.S 2-Methylamino-8-naphthathiazole hexabromide (Dyson, HUNTER, 
and SoyKA), 2966. 


C,,H,,ONI 6-Methoxy-3-methylquinoline methiodide (WiLLIMoTr and Simpson), 
2811. 

C.:H,,0;NS 1-Acetylaminonaphthalene-4-sulphinic acid (CHILD and Smixzs), 
2701. 


C,:H,,0,SAs o-Phenylthiolphenylarsinic acid (RoBERTs and TuRNER), 1208. 


C,,H,,N,Cl,As 10-Chloro-l-amino-5:10-dihydrophenarsazine hydrochloride (Bur- 
ToN and GrBson), 2245. 


CisH.0,NI 6:7-Methylenedioxy-3-methylquinoline methiodide (W1LLIMoTT and 
Simpson), 2809. 


C,,H,,0,NI Ethyl iodo-2-keto-1:2:3:4-tetrahydroquinoline-4-carboxylate 
(AESCHLIMANN), 2911. 


C,,H,,0;NAs Diphenylamine-p-arsinic acid (BURTON and Gipson), 461. 
C12H,04S,As; Dipheny] sulphide pp’-diarsinic acid (Hewitt, K1nc, and Murcx), 


C.H,,0N,S 2:4-Diketo-3-phenyltetrahydrothiazole-2-isopropylidenehydrazone 
(STEPHEN and WILson), 2534. 


C,,H,;N,BrS 5-Bromo-l-amylaminobenzthiazoles (HUNTER and SoyKa), 2963. 


C,,H,;N,Br;S 5-Bromo-l-isoamylaminobenzthiazole dibromide (HuNTER and 
SoyKA), 2963. 


C,,Hi;N.Br;S 5-Bromo-l-n-amylaminobenzthiazole tetrabromide (HuNTER and 
SoyKA), 2963. 


CisH,,ONCI 8-p-Chloroanilino-8-methylpentan-8-one (BANFIELD and Kenyon), 
1624. 


Phenylisoamylcearbamy] chloride (Prick), 3231. 
C,H y.0,.8,Te Phenoxtellurine dibisulphate trihydrate (DREW), 3070. 
C,,H,,0,N,I m-Nitrobenzylpiperidine hydriodide (Inc and Ropinson), 1664. 
C,,H,,N,BrS _ s-p-Bromophenylamylthiocarbamides (HUNTER and SoyKa), 2963. 
CH NBr.S 1-Amylaminobenzthiazole dibromide hydrobromides (Hunrer), 


C,.H,,0N,Cl cycloHexanespiro-5-chloro-A‘-cyclohexen-3-one semicarbazone 
(Norris), 249. 


CrsH,0,N,Pd Palladous ethylenediaminobisacetylacetone (MORGAN and SmItTR), 
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CisH2005N,Cu Aquo-cupric ethylenediaminobisacetylacetone (Morcan and 


SMITH), 9 
“mae. Tetratriaminopropanetricupric hexaiodide (MANN), 2685. 
12 V 
C,,HsOsNsIsASs 5:5’-Di-iodo-3:3’-dinitro-4:4’-dihydroxyarsenobenzene (MACAL- 
LUM), 1647. 


C,:sH,O,NBrAs 2-Bromo-6’-nitrodiphenylarsinic acid (Burton and Grsson), 457. 


Ci2H190,N,SAS 3:3’-Dinitrobenzenesulphony]-4-aminophenylarsinic acid (HewiTT, 
Kino, and Murca), 1364. 


CMO Mrks 2-Bromo-6’-aminodiphenylarsinic acid (BuRToN and Grsson), 


C,,H,.0,N,SAs 3’-Nitrobenzenesulphonyl-4-aminophenylarsinic acid (Hewitt, 
KinG, and Murcn), 1364, 


CsH,O.Ns SAs  3’-Nitrobenzenesulphonylaminohydroxyphenylarsinic acids 
(Hewi1T, Kinc, and Murca), 1365. 


C,.H,;0;N,SAs 3’-Aminobenzenesu!phonyl-4-aminophenylarsinic acid, and its 
salts (Hewitt, KinGc, and Murcs), 1364. 


C,,H,,0,NSAs 3’-Aminobenzenesulphonylaminohydroxyphenylarsinic ecids 
(Hewrrr, Kine, and Murcu), 1366. 


6,,H.0.N,SAS 3:3’- Diaminobenzenesu] phony]-4-aminophenylarsinic acid (HEWITT, 
Krxc, and Murcn), 1365. 


C,; Group. 


C,3H,) Fluorene, absorption spectrum of (CAPPER and Marsn), 724. 


C,;H,, Substance, from dehydrogenation of tetracyclosqualene (Harvey, HEILBRON, 
aud Kamm), 3188. 
13 II 


C,;H,.0, 4-Hydroxyaldehydodipheny] (Brit and Kenyon), 3047, 
C,sHyS, 2-Phenyl-1:3-benzdithiole (HurTLEY and SmILEs), 1827. 
C,,;H,,0, Methoxydiphenyl ethers (LzA and RoBinson), 412. 

C,;H,,N, Diaminofluorenes (MorGAN and THomason), 2694, 

C,3H,,0, 3:5-Diketo-1-benzyleyclohexane (LinsTEAD and WILLIAMS), 2745. 


C,;H,,0, 3-m-Carboxybenzylacetylacetone, and its copper salt (MorGaNn and 
PoRTER), 1259. 


3-Methoxy-2-acetoxystyryl methyl ketone (McGookIN and S1ncuarr), 1580. 
C,;H,,0, :4-Diacetoxy-3-methoxyacetophenone (NoLAN, Pratt, and RoBINsON), 
1970. 


C,3H,,0 Methyl 8-phenyl-As-hexenoate (JoHnson and Kon), 2756. 
C,3H,,0, Ethyl 6-phenyl-A®-pentenoate (Jonnson and Kon), 2754. 
C,;H,.0, 2:3-Diethoxycinnamic acid (RUBENSTEIN), 652. 

C,;3H,.N, 1-p-Toluidino-1-cyanocyclopentane (OAKESHOTT and PLANT), 1211. 
C,;H,,N Octahydroacridine, and its salts (PErKIN and Szpewicr), 438. 


C,;H,,0, Ethyl 1:3-diketodecahydronaphthalene-4-carboxylate (Kon and QupRAT- 
1-Kuvpa), 3071. 


C,;H,,0,,; Tetracarbomethoxy-/-arabinose (HAworTH and Maw), 1752, 
Tetracarbomethoxy-/-xylose (HaworTH and Maw), 1754. 

C,,;H,.0, Ethyl A'-cyclohexenylmalonate (Kon and Spricnt), 2733. 
Ethyl ester of acid, C,H,,0, (Kon and Sprrcnut), 2732. 

C,;H,,0, Ethy] sec.-butylisovalerylacetate (JonEs), 2769. 

C,sH,,0, Ethyl aa’-dihydroxyazelate (Goss and INcoup), 1476. 
Ethyl aa’-dimethoxypimelate (HassELL and INGoLp), 1469. 

C,;H,,0,, Methylmaltoside (Invine and Brack), 874. 
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13 III 
C,,H,O;N, Dinitrofluorenones (MorGAN and THomason), 2694. 
C,3H,0,Cl, 3:5-Dichloropheny! benzoate (Hopeson and WiGNALL), 2078. 
C,,;H,0,Br, 3:5-Dibromophenyl benzoate (Hopcson and WiGNALL), 2078. 
C,:;H,0,I, 3:5-Di-iodophenyl benzoate (Hopcson and WIGNALL), 2078. 
C,;H,0,N, Dinitrofluorenes (MorGAN and THomason), 2693. 
CisH.N.Br, 1-(2:4-Dibromopheny])-4-phenyltetrazole (CHATTAWAY and PARKgs), 


C,;H,0;N Benzoylfurfuraldehydecyanohydrin (GREENE), 330. 

C,;H,NI, 3:6-Di-iodo-9-methylcarbazole (TucKER), 552. 

C,;H,N,Br, 1-(2:4-Dibromophenyl)-5-phenyl-1:4-dihydropentazine (CHATTAWAY 
and PaRrKEs), 116. 

C,;H,CIS, 2-Phenyl-1:3-benzdithiole-1-sulphonium chloride (Hurtiry and 
SMILEs), 1827. 

C,,H,Br,S, 2-Phenyl-1:3-benzdithiole-1-sulphonium perbromide (HurtLEy and 
SMILEs), 1828. 

C,;H,,0;N, Dinitro-4-methoxydiphenyls (BELL and Kenyon), 3048, 

C,3;H,.0;N, Dinitro-4-nitrosomethylaminodiphenyl (Brtt and Kenyon), 2710. 

C,;HioN.S Thiocarbonylbenzidine, and its sulphate (LE Fivre and Turner), 
2483. 


C,;H,,0;N Nitro-4-methoxydiphenyls (Brtt and Kenyon), 3048, 

C,3H,,0,N 3-Nitro-6-methoxydiphenyl ether (LEA and Rostnson), 412. 

C,;H,,0,N, Dinitro-4-methylaminodipheny] (BELL and Kenyon), 2710. 

C,3H,,0,N; Nitrobenzylammonium picrates (Goss, INcoLD, and Witson), 2455. 

C,;H,,N,F Fluorobenzaldehyde phenylhydrazones (SHorsMITH, Sosson, and 
SLATER), 2761. 

CisHgON, 4-Nitrosomethylaminodiphenyl (BreLt, KEnyon, and Rosrnson), 


C,;H,,.N,S 2-Ethylamino-8-naphthathiazole (Dyson, HunTER, and SoyKa), 2966. 

C,,;H,.N,Br, -Hydrazinobenzaldehyde-2:4-dibromophenylhydrazone (CHATT- 
AWAY and ParRKEs), 115. 

CisH,,0N 2-p-Ethoxyphenylpyridine, and its picrate (ForsyrH and Pymay), 
2918. 


C,;H,,;0,N Tetrahydrocarbazolecarboxylic acids, and their salts (CoLtAR and 
PLant), 809. 

C.;H,;0,N; 1-Methyl-A'-cyclohexene-3:3-dicyanoacetimide, and its ammonium 
salt (FARMER and Koss), 1577. 

C,;H,;0,AS Phenylbenzylarsinic acid, salts of (RopErTs, TuRNER, and Bury), 
1447. 


C,;H,,0,N, 5-Nitro-6-methyltetrahydrocarbazole (MANJUNATH and PLanxz), 
2262. 


C,;H,,ON 11-Hydroxy-6-methyltetrahydrocarbazolenine (MANJUNATH and 
PLANT), 2262. 

C,;H,,0,N Ethyl] 5:6-dimethoxyindole-2-carboxylate (PERKIN and RUBENSTEIN), 
360. 


C,;H,,0;N 8-Acetoxy-8-(2-carboxy-3:4-dimethoxypheny])ethylamine lactone 
(EDWARDS), 746. 
Aminoguaiacols (OxFoRD), 2007. 
Triacetylaminoguaiacol (OxFuorD), 2007. 
C,3H,,0,N Ethyl nitro-2:3-dimethoxycinnamates (RUBENSTEIN), 651. 
C.3H,.0,N, cycloHexanonecarboxyphenylhydrazones (CoLLAR and PLANT), 809. 
CisHie02N. 1-Methyl-A?-cyclohexene-3:3-dicyanoacetamide (FARMER and Ross), 
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C.s3H,0,Hg 3-Acetoxymercuri-4-hydroxy-2-methyl-5-isopropylbenzaldehyde 
(HENRY and SHARP), 2439. 


2-Hydroxy-3-acetoxymercuri-5-tert.-butylbenzaldehyde (HENRY and S#Harp), 
2437. 


4-Hydroxy-5-acetoxymercuri-3-methyl-6-isopropylbenzaldehyde (Henry and 
SHARP), 2439. 


C,;H,,ON,; Phenylhexenone semicarbazones (JOHNSON and Kon), 2758. 
C,;H,,0,N 1-p-Toluidinocyclopentane-1-carboxylic acid (OAKEsHOTT and PLANT), 
1211. 


C,;H,,0N, cycloHexanone 8-anilinosemicarbazone (BAIRD and WILson), 2371. 
C,;H,,0;Hg 2-Acetoxymercuri-p-isoamylphenol (Henry and SHARP), 2436. 
C,;H,sN,S 1-n-Hexylaminobenzthiazole (HUNTER), 2957. 


C,;H,,0,N Substance, from a-phenyl-y-ethyl-48-penten-a-one and hydroxylamine 
hydrochloride (Farrow and Kon), 2137. 


C,;3H,,0,N; | 2-Hydroxy-5-isoamylbenzaldehyde semicarbazone (HENRY and 
SHARP), 2438. 


C,3;H,,0;N Substance, from 2-isopropylidenecyclopentanone and ethyl sodiocyano- 
acetate (Kon and NuTLAND), 3108. 


C,;H,.ON, Methyl ¢ert.-butyl ketone 5-anilinosemicarbazone (BAIrnD and WILson), 
2871. 

C:sH..0,N, -Phenyl-y-ethyl-Af-penten-a-one oximino-oxime (Farrow and 
Kon), 2137. 


C.::H..0.N, Ethyl 1-methyleyclohexan-3-one-l-cyanoacetate | semicarbazone 
(FARMER and Ross), 3237. 


C.i3sH..N.S s-Phenyl-n-hexylthiocarbamide (HUNTER), 2957. 
C,;H,,0N, Allyl-A!-cyclohexenylacetone semicarbazone (Kon and SwirH), 
1797. 


2-Ethyl-2-A!-cyclopentenylcyclopentanone semicarbazone (Kon and NvTLAND), 
3107. 


2-41-cycloHexenylcyclohexanone semicarbazone (Kon and NuTLAnp), 3104. 


C:;H,,IAs 5-Phenyl-n-butyldimethylarsine methiodide (Roserts, TuRNER, and 
bury), 1445. 


y-Pheny]propyldimethylethylarsonium iodide (RosnErts, TURNER, and Bury), 
1444, 


C,;H,,;0N, Ethyl-a-A?-cyclohexenylmeihylethyl ketone semicarbazone (Kon and 
SmitH), 1797. 


5-Methy]-2-ethy]-2-tsopropenylcyclohexanone semicarbazone (Kon and NuTLAnp), 
3110. 
Propyl-A!-cyc/ohexenylacetone semicarbazone (Kon and Smit), 1796. 
C,;H,,.IAs 3-Phenyl-n-butyldimethylarsine ethiodide (Ronerts, TurRNER, and 
Bury), 1445. 
13 IV 
C,;H.N,Cl,S  5-Di-3:4:5-trichlorophenylthiocarbamide (Dyson, GrorGE, and 
HunxtTER), 3048. 
C,;H,O,N;Br, 1-(2:4-Dibromopheny])-4-m-nitropheny]-1:2:3:5-tetrazole (CHATT- 
AWAY and PARKEs), 114. 
C,;H,0,N,Cl, 2:4:6-Trichloro-3-hydroxybenzaldehyde-p-nitrophenylhydrazone 
(HovGsen and BEARD), 153. 
C,;3H,0,NCl 3-Chloro-5-nitrophenyl benzoate (Hopcson and WIGNALL), 2077. 
C,;H,O,NBr 3 Bromo-2-nitrophenyl benzvate (HopGson and Moork), 158. 
C,sH,0,NI 3-Iodo-5-nitroprenyl benzoate (Hopeson and WIGNALL) 2077. 


C,;3H,0,N,Cl, Dichloronitro-3-hydroxybenzaidehyde _p-nitrophenylhydrazones 
(Hupeson and Bgarp), 2035. 
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C,;H,0,N,Cl Chlorodinitro-3-hydroxybenzaldehyde = p-nitrophenylhydrazones 
(Hopeson and BrarD), 2035. 

C,,H,NBr,S 5-Bromo-1-phenylbenzthiazole tetrabromide (HUNTER), 540. 

C,;H,N,Cl,S _s-Di-2:3-dichlorophenylthiocarbamide (Dyson, GroRGE, and 
HuUNTER), 3042. 

C,;H,ONS 2-Keto-1-phenyl-1:2-dihydrobenzisothiazole (MCCLELLAND and Garr), 
923. 


C,;H,O,N,Cl, Dichloro-3-hydroxybenzaldehydephenylhydrazones (Hopeson and 
Bearp), 152. 

C,,H,0,N,Cl Chloronitro-3-hydroxybenzaldehyde = p-nitrophenylhydrazones 
(Hopeson and BEARD), 2032. 

C,,H,NBr,S 1-Phenylbenzthiazole tetrabromide (HUNTER), 539. 

C,;H:.0,N,F Fluorobenzaldehyde p-nitrophenylhydrazones (SHOESMITH, Sosson, 
and SLATER), 2761. 

C,3H,.0,;N,Cl Chloro-m-hydroxybenzaldehyde phenylhydrazones (Hopeson and 
Bearp), 150. 

C,3H,.0,N,AS 3’:5-Dinitrobenzoy]-4-amino-2-hydroxyphenylarsinic acid (Hewitt 
aud Kine), 825. 

C,;H,.N.Br,S 5-Amino-1-phenylbenzthiazole tetrabromide (HuNTER), 541. 

C,;H,,0,N,AS Nitrobenzoylaminohydroxyphenylarsinic acids, and their salts 
(HEwiTT and Kine), 824. 

C,;H,,0,N,AS Nitrohydroxybenzoylaminohydroxyphenylarsinic acids (HEwItTt 
and Kine), 827. 

ean 10-Chloro-2-methy]-5:10-dihydrophenarsazine (BuRTON and GiB- 
SON), 468. 

C,,;H,,0CIAs o0-Phenoxyphenylmethylchloroarsine (RoBERTs and TURNER), 1209, 

C,;H,;,0,NAS 2-Methylphenarsazinic acid, and its salts (BURTON and GrBsoy), 
469, 


C,;H,,N,Br,S 2-Ethylamino-8-naphthathiazole tetrabromide (Dyson, HuNTER, 
and SoyKa), 2967. 

C,;H,,ONS di-4’-Amino-4-methyldiphenyl sulphoxide (Harrison, KeEnyov, 
and PHILLIPS), 2085. 

C,;H,,;0,N,I Substance, from a-picoline methiodide and p-nitrophenylnitroso- 
amive (HUMPHRIES), 376. 

C,;H,,0,;N,AS 3’-Aminobenzoyl-3-amino-4-hydroxyphenylarsinic acid, and its 
salts (HEWITT and Kine), 828, 

C,;H,;0,N.AS Aminohydroxybenzoylaminohydroxyphenylarsinie acids and their 
salts (Hewrrr and King), 827. 

C,;H,,0,N;As 3’:5-Diaminobenzoyl-4-amino-2-hydroxyphenylarsinic acid, and its 
salts (HEWITT and Kine), 825. 

C,;H,,N,BrS 5-Bromo-1-n-hexylaminobenzthiazole (HuNTER and SoyKA), 2964. 

C,;H,,N,Br,S 5-Bromo-1-n-hexylaminobenzthiazole dibromide (HuNTER and 
SoyKA), 2964. 

C,;H,,N,Br,S 1-n-Hexylaminobenzthiazole dibromide (HUNTER), 2957. 

CisH,.N.Brs s-p-Bromophenyl-n-hexylthiocarbamide (Hunrer and Soyka), 
2964, 


13 V 

C,,;H,0,N,Br,S 5-Nitro-1-phenylbenzthiazole dibromide (HuNTER), 540. 

C,;H,,0,N,SAS 3:3’-Dinitro-4’-toluenesulphonyl-4-aminophenylarsinic acid 
(Hewitt, Kine, and Murcn), 1368, 

C,;H,;0,NBrAs 2-Bromo-6’-methylaminodiphenylarsinic acid (Burton and 
GrBson), 458. 

C,;H,;0,N,SAS 38’-Amino-4’-toluenesulphony]l-4-aminopheny larsenious oxide 
(Hewitt, Kine, and Murcn), 1362. 
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138 V—14 ITI 


C,;H,;0,N,AsS 3’-Nitro-4’-toluenesulphonyl-4-aminophenylarsinic acid (Hewitt, 
Kino, and Murcg), 1361. 

C,;H,,0;N;SAS 3:3’-Diamino-4’-toluenesulphonyl-4-aminophenylarsenious oxide 
(HEwitTT, Kine, and Murcn), 1364. 

C,;H,;0;N,SAS 3’-Amino-4’-toluenesulphony]-4-aminophenylarsinic acid, and its 
salts (HEWITT, Kine, and Murcn), 1361. 

C,;3His0;N;SAs 3:3’-Diamino-4’-toluenesulphonyl-4-aminophenylarsinic acid, and 
its magnesium salt (Hewitt, Kine, and Murca), 1363. 


C,, Group. 


C,,H,, Anthracene, absorption spectrum of (CapreR and Mars), 724. 
Phenanthrene, absorption spectrum of (CAPrER and Marss), 724. 


14 II 

C,,H,O, Quinizarin, action of thionyl chloride on (GREEN), 1428, 

C,,H,S, 2:2’-Bis-1:3-benzdithiolene (HurTLEY and Smitks), 2263. 

C,,H,,N 1-Methyl-8-napbthaquinoline, and its picrate (Gipson, HARIHARAN, 
MENON, and SIMONSEN), 2256. 

C,,H,,0 -y-Ketobutenylnaphthalenes (Girson, HARIHARAN, MENON, and S1mon- 
SEN), 2257. 

C,,H,,0, 2:4:6-Trihydroxyphenyl p-hydroxybenzyl ketone (+H,O) (BAKER and 
Roprnson), 2716. 

C,,H,,N, 3:4’-Diaminotolane (Harrison), 1237. 

C,,H,.S, 2-Phenyl-2-methyl-1:3-benzdithiole (HurTLEy and Sm1LEs), 1827. 

C,,H,;N Methyldihydronaphthaisoquinolines, and their picrates (GiBson, Hart- 
HARAN, MEXON, and SIMONSEN), 2258. 

C,,H,,0 y-Ketobutylnaphthalenes (Gisson, Hartmaran, Menon, and Simon- 
SEN), 2258 

C,,H,,N, 3:4’-Diaminostilbene (Harrison), 1236. 

C,,H,,N Methyltetrahydroacridine, and its picrate (PERKIN and Szpewick), 443. 

Methyl-1:2:3:4-tetrahydronaphthaquinolines, and their salts (Gipson, Hanrt- 

HARAN, MENON, and SIMONSEN), 2252. 

C,,H,,0 «-A'-cycloHexenylacetophenone (FARRow and Kon), 2132. 

CHO, 1-a-Naphthy]-2:2-dimethylethylene glycol (McKEnziz and DENNLER), 

601, 


C,,H,.0, Ethyl 5:6-dimethoxy-1-hydrindone-2-carboxylate (Perkin, RAy, and 
Rosrnson), 949. 

C,,H,.0, Ethyl m-meconineacetate (Epwarps), 748. 

C,,H,,N 3:6-Dimethyltetrahydrocarhazole (OAKEsHOTT and PLANT), 1213, 

C,,H,,N Methyloctahydroacridines (PERKIN and Szpewicr), 444. 

C,,H,.0,. Tetra-acetylglucose, mutarotation of (Jonrs and Lowry), 720. 

C,,H,,0, Ethyl ester, from acid, C,,H,,0, (Kon and Srricut), 2734. 

C,.«H,,N, -Heptaldehyde methylphenylhydrazone (BarrD and Witson), 2374. 

C,,H,.0, 4-Ketomyristic acid (G. M. and R. Roxinson), 2206. 


14 III 
C,,H;0,N, 2:4:7-Trinitrophenanthraquinone (Curistiz and Kenner), 473. 
C,,H,O,S Thionylhystazarin (Grexn), 2201. 
C,,H,O,S 2:3-Thionylanthragallol (GrzEN), 2202. 

Thionylpurpurin (GRrEN), 2200. 
C,,H,0,,.N, 3:5:3’:5’-Tetranitrobenzil (CHrisTIZ and KENNER), 475. 
C,,H,0,Cl Chlorohydroxyanthraquinones (GREEN), 1431, 1435, 2203. 
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C,,H,0,.N, 4:6:4’-Trinitrodiphenic acids, and their quinine salts (CHRISTIE and 
KENNER), 473. 

C,,H,OCl, 4:10-Dichloroanthrone (MATTHEWs), 243. 

C,,H,OS, 3-Keto-1:4-benzdithian-2:2’-spiro-1’:3’-benzdithiole (Hurriey and 
SMILEs), 2269. 

C,,H,0,N, 3:4’-Dinitrotolane (HARRISON), 1235. 
7-Nitro-4-keto-3-phenyl-1:2-benzoxazine (Bishop and Brapy), 812. 
6-Nitro-3-keto-2-phenyl-y-indole (Bishop and Brapy), 812. 

C,,H,0,S, 2:2’-Bis-1:3-benzdithiylium sulphate (HurTLEY and SMILEs), 2269. 

C,,H,0;N, Triacetyldiaminoveratrole (OxForD), 2008. 

C,,H,O,N, Dinitrobenzils, isomeric (CHATTAWAyY and CouLson), 1070. 

CisH,O0N, Dinitrodiphenic hydrazides (CHRIsTIE, HoLDERNEss, and Kenner), 

675. 


C,,H,0,N, 8-Dinitrodiphenic acid, constitution and resolution of, and its salts 
(CHRISTIE, HOLDERNESS, and KENNER). 671. 
2:2’-Dinitrodipheny]-3:3’-dicarboxylic acid (BurToN, HAMMOND, and KENNER), 
1804. 
C,,H,I,S, Tetraiodobis-1:3-benzdithiolene (HURTLEY and SMILEs), 2270. 
C,,H,OCl 10-Chloroanthrone (MatrHEws), 242. 
C,,H,0,Cl Chloro-10-hydroxyanthrones (MATTEEWs), 241, 
C,,H,0,Cl 2-Chloro-3-benzoyloxybenzaldehyde (Hopcson and Bearp), 150. 
C,,H,O,N, 2:4-Dinitrobenzil monoximes, behaviour of, in the Beckmann change 
(BisHop and Brapy), 810. 
C,,H,N,S, 1-Aminoazothiazole, and its hydrochloride (HUNTER), 1396. 
C,,H,00,N, 6-Nitro-2-methyl-a-naphthaquinoline, and its chloroplatinate (G1s- 
SON, HARIHARAN, MENon, and SIMONSEN), 2254, 
C,,H1oO,N, Substance, from reduction of tetranitrodiphenic acid (CHRIsTI£ and 
KeNNER), 474. 
C,H, 0,N, 3:4’-Dinitrostilbene (HARRISON and Woop), 580. 
C,,H,00;N, Nitropheny] nitrobenzyl ketones (HARRISON and Woop), 581. 
C,,H,.0,N, 8-Dinitrodiphenamide (CHRIsTIE, HoLpERNEss, and KENNER), 674. 
C,,H,0,N, p-Acetylaminobenzenediazonium picrate (Gray), 3180. 
C,,H,.NCl Chloromethylnaphthaquinolines (Gipson, HARIHARAN, MENON, and 
SIMONSEN), 2252. 
C,,H,.NBr 6-Bromo-2-methyl-a-naphthaquinoline, and its salts (Ginson, Hart- 
HARAN, MENON, and SIMONSEN), 2255. 
C,,H,,ON, 1-Acetyl-5-phenyl-1:2:3-benztriazole (BELL and Kenyon), 2709. 
4’-Amino-3-phenylphthalaz-4-one, and its hydrochloride (Rowr, LEVIN, BuRNs, 
Daviess, and TEPPER), 703. 
C,,H,,0,N 4’-Hydroxy-N-phenylphthalimidine (Rows, Levin, Burns, Davies, 
and TEPPER), 704. 
C,,H,,0,Cl Chloro-m-tolyl benzoates (G1Bson), 1425. 
C,,H,,0,N, 3:5-Dicyano-6-hydroxy-4-benzyl-2-pyridone, and its ammonium salt 
(LINSTEAD and WILLIAMS), 2747. 
= from reduction of trinitrodiphenic acid (CuRISTIE and KEnneER), 
475. 
C,,H,,0,N, 0-Piperonal p-nitrophenylhydrazone (PERKIN and Trikosvus), 29382. 
C,,H,,NI, 3:6-Di-iodo-9-ethylcarbazole (TuckER), 552. 
C,,H,,N,S, 2-Aminotolyl 5-disulphide (CH1Lp and Sm1Es), 2700. 
C,,H,,ON, 4’-Amino-N-phenylphthalimidine (Rowz, Levin, Burns, DaviEs, 
and TEPPER), 703. 
C,,H,,0,N, Dinitro-4:4’-ditolyl (Dennzrr aud TuRNER), 480. 
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C,,H:,0,S, 3:7-Dimethoxy-2:6-dihydroxythianthren disulphide (Sen and RAy), 
1140. 


C,,H:,0;N, 3:4’-Dinitro-a8-diphenylethy! alcohol (Harrison and Woop), 580. 
C,,H:,0,N, Dinitrobenzyloxyanisoles (OxForD and Roprnson), 386 ; (ROBINSON 
and SMITH), 399. 
C,,H:;0N -y-Oximinobutenylnaphthalencs (Ginson, HanriHaRaN, MENON, and 
SIMONSEN), 2258. 
C,,H;;0,N Acetoaceto-a-naphthalide (Ginson, HariHaRAN, MENON, and Simon- 
SEN), 2253. 
Nitro-4:4’-ditolyl (DENNETT and TURNER), 480. 
C,,H,,;0,N Nitrobenzyloxyanisoles (ALLAN and Ropinson), 382; (Oxrorp and 
RKo,INnson), 386; (RoBINSON and SMITH), 400. 
C,,H,,0,N, 2:4-Dinitro-3-benzylaminotoluene (GonNALL and Rosrnson), 1984. 
Dimitro-4-dimethylaminodiphenyls (BELL and Kenyon), 2711. 
C,,H,,ON, 3-Amino-4-acetylaminodiphenyl (BELL and Kenyon), 2708. 
4-Aminophenyl 3-aminobenzyl ketone (Harrison), 1238. 
C,.H,,0,N, 2’-Nitro-4-dimethylaminodiphenyl (Bett and Kenyon), 2707. 
C,,H,,0,Te Bis-p-anisy] telluride (MorGAN and KeLuerr), 1085. 
C,,H,,0,Te, Bis-p-anisylditelluride (Moncan and Keir), 1084. 
C,,H,,O;N, -Azoxybenzyl alcohol (SHozsmMiTH and TayYLor), 2834. 
C,,H,,NBr Bromo-4-dimethylaminodiphenyl (KrNyon and Rosrnson), 3052. 
Cu .N.S 2-n-Propylamino-8-naphthathiazole (Dyson, Hunter, and SoyKa), 
967. 


C,,H,,0N y-Ketobutylnaphthalene oximes (Gisson, HARIHARAN, MENON, and 
SIMONSEN), 2258. 

C,,H,,0,N Methyl tetrahydrocarbazolecarboxylates (CoLLAR and PLANT), 809. 

C,,H,.N.S s-a-Naphthyl-n-propylthiocarbamide (Dyson, Hunrrr, and SoyKa), 
2967. 


C,,H,,ON «-A’-cycloHexenylacetophenone oxime (FARRow and Kon), 2138. 
C,,H,,ON, a-A'-cycloPentenylacetophenone semicarbazone (Farrow and Kon), 
2136. 


C,,H,,0,N 6:7-Dimethoxytetrahydrocarbazole (PERKIN and RUBENSTEIN), 360. 
C,,H,,0,N Ethyl §-hydroxy-8-(2-carboxydimethoxyphenyl)ethylcarbamate lact- 
ones (EDWARDS), 746, 


C,,H,.0,Hg 2-Hydroxy-3-acetoxymercuri-5-isoamylbenzaldehyde (Henry and 
SHARP). 2438. 


C,,H,.0;Hg, 2:6-Diacetoxymercuri-p-tert.-butylphenol (HzpNryY and SHARP), 
2434, 


Diacetoxymercuricarvacrol (HENRY and SHARP), 2436. 
C,,H,,ON, a-Phenyl-y-ethylpenten-a-one semicarbazones (Farrow and Kon), 
2137. 


C,,H..ON, 1-Methylcyclohexan-2-one 5-anilinosemicarbazone(Bairp and WILSON), 
2372. 


C,,H..N,S 1-n-Heptylaminobenzthiazole (HUNTER), 2957. 

C,,H,,0N cycloHexenylcyclohexanone imide (Kon and NurLanp), 3106. 

C,,H,,0,N p-Dimethylbenzylidenepentaerythritol (FArRBOURNE and WoopLry), 
3240. 


C,,H,,0N, Dipropy] ketone 5-anilinosemicarbazones (BAIRD and WI11son), 2372. 

C,,H,.N,S s-Pheny]-n-heptylthiocatbamide (HUNTER), 2957. 

C,,H,,0N, 2-Methyl-2-A?-cyclohexenyleyclohexanone semicarbazone (Kon and 
NUTLAND), 3105. 

C,,H,,0N, Butyl-a!-cyclohexenylacetone semicarbazone (Kon and Smiru), 1797. 
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14 IV 
C,,H;0,C1S, 1:2-Thiony]-7-chlorothionylanthrapurpurin (GREEN), 2200, 
C,,H,O,N,Cl, 8-Dinitrodiphenic chloride (Curistrz, HoLpERNEss, and KENNER), 
673. 


C,,H,OCIBr 1-Chloro-10-bromoanthrone (MATTHEWS), 241. 

C,,H,ONI, Di-iodo-9-acetylcarbazole (TucKER), 548. 

C,,H,O,N,Cl «-Chlorodinitrostilbenes (HARRISON and Woop), 581. 

C,,H,O;N;Br, 3:5-Dibromodinitro-4-acetylaminodiphenyl (KENyoN and Rosin- 
soN), 3053. 

C,,H,,ONCl, 3:5:4’-Trichloro-4-acetylaminodiphenyl (SCARBOROUGH and 
WatTERs), 560. 

C,.H,.ONBr, 3:5:4'-Tribromo-4-acetylaminodiphenyl (SCARBOROUGH and 
Waters), 562. 

C,,H,,0;N,Cl, Benzoyl-2:6-dichloro-4-nitroaceto-m-toluidide (DAviEs and 
LEEPER), 1417. 

C,,H,,0,N,Br, Dibromo-4’-nitro-4-acetylaminodiphenyl (Kenyon and Rosrnson), 
3053. 


C,,H,.0,N.Cl, 3:4-Dinitrostilbene dichloride (HARRISON and Woop), 581. 

C,,H,.0,N,Br, 38:4’-Dinitrostilbene dibromide (HARRISON), 1234. 

C,,H,,ONC1, Dichloro-4-acetylaminodiphenyls (KENYON and Rosinson), 3053. 

C,,H,,ONBr, Dibromo-4-acetylaminodiphenyls (ScarBoRouUGH and WATERS), 
561; (KENYON and Roprnson), 3052. 

ee ~ 2-Keto-1-o-tolyl-1:2-dihydrobenzisothiazole (McCLELLAND and Galr), 


C,,H,,0,N,Br 4-Bromo-3’-nitro-4’-acetylaminodiphenyl (LE Fzvreand Turner), 
2045. 


C,,H,,0;N,Cl, Dichloro-3-methoxybenzaldehyde v-nitrophenylhydrazones (Hope- 
SON and BEARD), 155. 

C,,H,,ONCl Chloro-4-acetylaminodiphenyls (ScarsoroucH and WATERS), 
559. 


Diphenylyl-4-acetylchloroamine (BELL, Kenyon, and Ropinson), 1246. 
C,,H,,ONBr 3-Bromo-4-acetylaminodiphenyl (KENyon and Roprnson), 3051. 
C,,H,,0NI 1-Phenylbenzoxazole methiodide (CLARK), 235. 

C,,H,,0N,Br, 0-Azoxybenzyl bromide (SHoxsMiTH and Tay.Lor), 2832. 

C,,H,,0,N;Cl Chloro-3-methoxybenzaldehyde p-nitrophenylhydrazones (HopGson 
and BEARD), 154. 

C,,H,,0,N,Hg 4-Mercuribis-2-nitrotoluene (CorFrgy), 640. 

C,,H,,0,N,S, 2:2'- and 4:4’-Dinitro-5:5’-dimethoxydipheny] disul phides (Hopcson 
and HaNnpDLry), 548. 

Cy.H,,0;NS N-4-Tolucnesulphonyl-3-amino-4-hydroxybenzoic acid (Hewitt, 
KiInG, and Murcnh), 1368. 

C,,H,,;0,N,As Nitroanisoylaminohydroxyphenylarsinic acids, and their salts 
(Hewitt and Kine), 826. 

C,,H,;NCIAs 10-Chloro-2:8-dimethyl-5:10-dihydrophenarsazine (BurToN and 
GiBson), 468. 

C,,H,,OIAs 10:10-Dimethylphenoxarsonium iodide (RopERTs and TURNER), 
1209. 


C14H,,0,NAs 2:8-Dimethylphenarsazinic acid, and its salts (BuRTON and G1Bson), 
469. 


C,,H,,0,Cl,Te Di-p-anisyltelluridichloride (Morgan and KELLETT), 1085. 

C,,H,,0,N,S Benzoyl-m-tolylenediamine-3-sulphonic acid (GORNALL and Rosin- 
SON), 

C,,H,,0,.N,S 2-Nitrotolyl 2-nitrotoluene-5-sulphazide (CorFEyY), 642. 


FORMULA INDEX. 


14 1V—15 II 


C,Hy.N,Br.S 2-2-Propylamino-8-naphthathiazole hexabromide (Dyson, HuNTER, 
and SoyKA), 2967. 

C,,H,,;0,NS N-p-Toluenesulplonylmethylaminophenols (Hzwitr, Kine, and 
Murcu), 1368. 

C,,H,;0.N,AS Aminoanisoylaminohydroxyphenylarsinic acids, and their salts 
(Hewitt and Kino), 826. 

C,,H,.0;NAs N-Acetyldiphenylamine-p-arsinic acid (BURTON and GrBson), 460. 

C,,H;,ON,S 2:4-Diketo-3-phenyl-5-ethyltetrahydrothiazole-2-isopropylidenehy dr- 
azone (STEPHEN and WILsoN), 2534. 

C,,H,,N,BrS 5-Bromo-1-n-heptylaminobenzthiazole (HuNTER and SoyKa), 2964. 

C,,Hi,N,Br,S 5-Bromo-1-n-heptylaminobenzthiazole dibromide (HuNnTER and 
SoyKA), 2964. 

C,,H.,N,BrS s-p-Bromopheny]-n-heptylthiocarbamide (HuNnTER and SoyKa), 2964, 

C,,H.:N,Br,S 1-n-Heptylaminobenzthiazole dibromide hydrobromide (HuNTER), 
2957. 


C,,H,,0ON,,Cu, Ethylenediammonium tricuprocyanide hemihydrate (Morcan and 

Bursar), 2025. 

C,,H,.0,N,Ni Ethylenediammino-nickel etliylenediaminobisacetylacetone (Mor- 
GAN and SMITH), 920. 

C,,.H..0,N,Cu Cupric ethylenediaminobisacetylacetone ethylenediamine hydrate 
(MorGAN and SMITH), 918. “av 


C,,H,ON,BrS 5-Bromo-1-benzoylaminobenzthiazole (HUNTER), 1396. 

C,,H,.ON,Br,S 1-Benzoylaminobenzthiazole tetrabromide (HUNTER), 1396. 

C,,H,,ONC1,As N-Acetyldiphenylamine-p-arsenious chloride (BurToN and 
Gipson), 461. 

C,,H,,0N,CIBr Chloro-3-methoxybenzaldchyde p-bromophenylhydrazones (Hopc- 
son and BEARD), 154. 

C,4H,,0,NCIS, p-Acetylaminopheny) p-chlorobenzenethiolsulphonate (CHILD and 
SMILEs), 2702. 

C,,H,,0,NBrAs 2-Bromo-6’-dimethylaminodiphenylarsinic acid (BuRTON and 
Gipson), 458. 

C,,H,,0,N,SAs 3’-Nitro-4’-toluenesulphonyl-4-methylaminophenylarsinic acid 
(Hewitt, Kine, and Murcn), 1361. 

C,4H,.0,NSAs 4’-Toluenesulphonyl-4-methylaminophenylarsinic acid (HEwITT, 
KING, and Murcn), 1360. 

C,,H,,0,N,SAs 3’-Amino-4’-toluenesulphonyl-4-methylaminophenylarsinic acid, 
and its salts (HEWITT, Kinc, and Murcn), 1363, 

C,,H..0,N,Cl,Pd Dichloroformo-palladous ethylenediaminobisacetylacetone 
(MORGAN and SmirTR), 921. 


C,; Group. 
C,;H,, Cadinene, chemistry of (HENDERSON and Ronertson), 2811. 
Cadinene, B-Caryophyllene, and Cedrene, action of chromy] chloride on (G1rBsoN, 
ROBERTSON, and Sworn), 165. 
Copaene, new source of (HENDERSON, M’Nap, and Rorertson), 3077. 


15 Il 
C,;H,.0, Fisetin, synthesis of (ALLAN and Ropinson), 2334. 
C,;H,,.0, Chrysin, synthesis of (Ropinson and VENKATARAMAN), 2348, 
Quercetin, synthesis of (ALLAN and Roginson), 2334. 
C,;H,,0,; Galangin, synthesis of (Hear and Roginson), 2337. 
Prunetol, constitution of, and its ideutity with genistein (BAKER and RoBINsoN), 


2713 
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C,;H,,.0, -Benzoyloxyresacetophenone (HEAP and Rontnson), 2338. 

C,;H,,0, w-Benzoyloxyphloracetophenone (HEAp and Roptnson), 2340. 

C,;H,,0 d-Methyldeoxybenzoin (McKEnzr1r, RocEr, and WItts), 787. 

C,;H,,0, Benzoylisocreosol (GRAEsSER-THOMAS, GULLAND, and Rostnson), 1973. 

3:4’-Dimethoxybenzophenone (LEA and Rosrnson), 2355. 

C,;H,,0; 2:4:6-Trihydroxypheny! p-methoxybenzyl ketone (+- H,O) (BAKER and 
Kosinson), 2717. 

C,;H:.0, 2-Methoxybenzyloxyanisoles (Oxrorp and Rostnson), 389. 

C1sH.05 3:4:5-Triacetoxy-w-methoxyacetophenone (GATEWooD and Rosinson), 
1965. 


C,sHieN_ 3-Propyl-1:2:4-triazole-5-azo-8-naphthylamines (REILLY and Drumm), 
1736. 


C,;H,,0, 3-Carbethoxybenzylacetylacetones, and their copper salts (MorGAN and 

PoRTER), 1258. 
3-m-Carboxybenzylbutyrylaeetone, and its salts (MorcAN and Porter), 1260. 

C,;H,.0, Substance, from oxidation of B-caryophyllene (G1sson, RopEeRTson, and 
Sworp), 165. 

C,;H..0, Ethyl 1-cyclohexy!-3:5-diketocyclohexane-6-carboxylate (Kon and 
SMITH), 1799. 

C,;H,,0 Substance, from oxidation of cedrene (G1sson, RoBERTSON, and Sworp), 
166. 


C,;H,,0, Substance, from oxidation of cadinene (Gipson, RoBERTSON, and 
Sworp), 166. 
C,;H,,0 Caryophyllene alcohol (HzNDERSON, RopErTson, and KERR), 66. 
Cubebol (HENDERSON and RosErtTson), 2815. 
C,;sH,.0, Ethyl cyclohexane-1-acetate-1-propionate (Norns), 250. 
C,;sH,,0, Caryophyllene glycol (HENDERSON, Rosertson, and Kerr), 68. 
C,;H,,0, Ethyl dimethoxyazelate (Goss and InGoLp), 1476. 
15 III 
C,;H,,0,N, 3:4’-Dinitro-a-phenylcinnamic acids, stereoisomeric (HARRISON and 
Woop), 1198. 
C,;H,,0,Cl w-Chlorobenzoylacetophenones (BRADLEY and Rostnson), 2363. 
C,;H,,0,Cl Dihydroxyflavylium chlorides (RoperTson and Rosrnson), 1953. 
C,;H,,0,Cl Benzoylvanilloyl chloride (HEAP and Rostnson), 2342. 
Trihydroxyflavylium chlorides (RopeRTSON and Rostnson), 1954, 
C,;H,,0;N, 3:4’-Dinitro-8-hydroxy-a-phenyldihydrocinnamonitrile (HARRISON 
and Woop), 1197. 
3:4’-Dinitro-a-phenylcinnamamides, stereoisomeric (HARRISON and Woop), 1197. 
C,;H,,0,Cl Pelargonidin chloride (+ H,O) (Notan, Pratt, and Rosrnson), 
1969. 


Tetrahydroxyflavylium chlorides (ROBERTSON and RoBINnson), 1957. 
C,;H,,ON 3-Methoxy-2-phenylindole (RoBINson and THORNLEY), 3144. 
C,;H,,0,N 4’-Hydroxy-N-phenylphthalimidine methyl ether (Rowr, Lrviy, 
Burns, Daviss, and TEPPER), 705. 
C,sH,,NI 3-Iodo-9-isopropylcarbazole (TUCKER), 553. 
CisH.,ON, 3-isoPropyl-1:2:4-triazole-5-az0-B-naphthol (REmLty and Drumm), 
1736. 


C,;H,,0,N 0-Benzoylmethylaminoanisole (CLARK), 235. 
Methyltetrahydroacridinecarboxylic acid (PERKIN and SEpGWICK), 444, 
C,;H,,0;N Nitro-2-methoxybenzyloxyanisoles (OxForD and Rosinson), 390. 
C,;H,.0,;N, 5-Nitro-9-acetyl-6-methyltetrahydrocarbazole (MANJUNATH and 
PLANT), 2261. 
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C,;HisN.S 2-Butylamino-8-naphthathiazoles (Dyson, Hunter, and SoyKa), 
2967. 


C,;H,,0N 9-Acetyl-6-methyltetrahydrocarbazole (MANJUNATH and PLANT), 2261. 
B-Amino-aa-diphenyl-n-propyl alcohols (McKrnzir, RocEr, and WILLs), 786. 


C,;H.,0N; 2-y-Ketobutylnaphthalene semicarbazone (GiBsoN, HARIHARAN, 
MENON, and SIMONSEN), 2258. 


C,;H1,0,N Acetoxy-6-methyltetrahydrocarbazolenines (MANJUNATH and PLANT), 
2262. 


6-Acetyl-9-methyl-y-indoxylspirocyclopentane (MANJUNATH and PLANT), 2263, 
Ethyl tetrahydrocarbazolecarboxylates (CoLLAR and PLAnt), 809. 
C,sHisN.S 3-a-Naphthylbutylthiocarbamides (Dyson, Hunter, and Soyrka), 
2967. 


C,;sH;jO0N, «-A1-cycloHexenylacetophenone semicarbazone (FARRow and Kon), 
2132. 

C,;H:,0,N Cyanolactone of cyclohexenyleyclohexanone (Kon and NuTLAND), 
3106. 


C,;H1,0,;N 9-Acetyl-10:11-dihydroxy-6-methylhexahydrocarbazole (MANJUNATH 
and PLANT), 2262. 


C,;sH,.0;,Hg, 2:6-Diacetoxymercuri-p-isoamylphenol (HENRY and SHARP), 2435. 
C,;H.,0,N Cyano-ester of 2-cyclopentylidenecyclopentanone (Kon and NUTLAND), 
3107. 


C,;H.,0,N 8-Octyl nitrobenzoates (RULE and Numbers), 2121. 


C,;sH,,0,N Acetyl-o-benzylideneaminophenol, and its hydrolysis (BELL and 
KENyoN), 1893. 


C,;H,,OCl, Caryophyllene dichlorohydrin anhydride (HENDERSON, ROBERTSON, 
and Kerr), 69 


C,;H,,OBr, Cubebol dibromide (HzNDERsoN and RozeErrtson), 2816. 
15 IV 


C,;H,:;ONS dl-4’-Acetylamino-4-methyldiphenyl sulphoxide, and its resolution 
(HaRRrIsON, KENYON, and Parutps), 2087. 

C,;H,;0,NS 4’-Acetylamino-4-methyldiphenyl sulphone (Harrison, KENYON, 
and PHILLIPs), 2087. 

C1sH0,NS, p-Tolyl p-acetylaminobenzenethiolsulphonate (CHILD and SmILEs), 
2702. 


C,sH,eN.Br,S 2-n-Butylamino-8-naphthathiazole tetrabromide (Dyson, HUNTER, 
and SoyKA), 2967. 


C,;H,,N,Br,S 2-isoButylamino-8-naphthathiazole hexabromide hydrobromide 
(Dyson, Hunter, and SoyKa), 2968. 


C,;H.,0,NI p-Dimethylbenzylidene pentaerythritol methiodide (FAInBOURNE and 
Woop.ey), 8241. y 
15 


C,sH:;ONC1As 10-Chloro-5-acetyl-2-methyl-5:10-dihydrophenarsazine (BURTON 
and Gipson), 468. 


Cie Group. 

CieHyoO, 3-Acetylanthragallol (GREEN), 2203. 
‘2-Acetylanthrapurpurin (GREEN), 2201. 

C,H;,0, 10-Ethoxy-1-hydroxy-4:9-anthraquinone (GREEN), 1434. 
7-Hydroxy-4’-methoxyflavone (RopINSON and VENKATARAMAN), 2346. 
w-Piperonoylacetophenone (BRADLEY and Ropinson), 2363. 

C,«6H,,0, Acacetin, synthesis of (RosInson and VENKATARAMAN), 2344. 
3:7-Dihydroxy-4’-methoxyflavone (Hzap and Rosrnson), 2339. 
2-Methylgenistein (BAKER and Rosrnson), 2716. 
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C.eH,,0, Kaempferide, synthesis of, and its salts (HzaP and Rosinson), 2336. 

C,,H,,0, isoRhamnetin, synthesis of (HEAP and Rostnson), 2336. 

C.sH,,;N 2-Methylacenaphthpyridine, and its salts (NAIR and Simonsen), 3141. 

2-Hydroxystyry! benzyl ketone (DicktNson), 2237. 
16H,,0, -Methoxybenzoylacetophenones (BRADLEY and Rosinson), 2359. 
16H,.0, 3:4:3’-Trimethoxybenzophenone (LEA and Rostnson), 2355. 

CieHyeS, 1:4:5:8-Tetramethylthianthren (Sen and RAy), 1140. 

C,.H,,N Methyl-1:2:3:4-tetrahydroacenaphthpyridines, and their salts (Narr and 

Simonsen), 3141. 

C,.H,,0, m-Methoxyphenol ethylene ether (PERKIN, RAy, and Rogrnson), 946, 

C,gHaN, 3:3’-Tetramethyldiaminodiphenyl (Dutt), 1181. 

C,.H,,0, /-8-Octyl anisate (RULE and NumpERrs), 2121. 

B-Octyl methoxybenzoates (RULE and NumBErs), 2121. 

C,.H;,0, 9:10-Dikydroxypalmitic acid (H1LpITcH), 1836. 

16 III 

C,.H,0,Cl 1-Chloro-4-acetoxyanthraquinone (GREEN), 1484. 
5-Chloro-1-acetoxyantl.raquinone (GREEN), 2203. 

C,.H,,0,N,  Quinoxaline derivative of 3-thiol-2-quinolone-4-carboxylic acid 

(AESCHLIMANN), 2909. 

C,,H,,0,Cl Chloro-9-anthrany! acetates (MATTHEWS), 241. 

C,.H,,0,N 1-Phenylacetylisatin (AESCHLIMANN), 2909. 

C,.H,,0;N, N-4’-Nitrophenyliminotsocarbustyril-3-carboxylic acid (Rowz, LEviy, 

Burns, Davirs, and Tepper), 705. 
C.eH;,NCI 2-Chloro-4-methylacenaphthpyridine (Narr and S1monsEy), 3143. 
C,,.H,,0N Hydroxymethylacenaphthpyridines (Naik and SimonsEn), 3142. 
C,.H,,0,N;, 4’-Acetylamino-3-phenylphthalaz-4-one (Rowk, Levin, Burns, 
Davigs, and TEPPER), 703. 

C,6H,;0,01 7:4’-Dihydroxy-3-methoxyflavylium chloride (+ H,0O) (Rosrrrson 
and Rosrinson), 1716. 

C,.H,,0;N, 1-Hydroxy-3-(4’-nitropheny])-1:3-dihydrophthalazine-4-acetic acid 
(Rowe, Levin, Burns, Daviss, and Terrer), 700. 

C,6H,;0,Cl 3:7:3’:4’-Tetrahydroxy-5-methylflavylium chloride (Robertson and 
Rosinson), 1955. 

C,<H,,;0,Br 6’-Bromohomopiperonylresacetophenone (BAKER), 1076. 

C,eH,;0,.N, 0-Carboxy-a-hydroxycinnamic acid p-nitrophenylhydrazide (Rowr, 
Levin, Burns, Davigs, and TerrEr), 705. 

C,¢H,,0,Cl Morinidin chloride 3-methy]l ether (GaTrEWwoop and Rosrnson), 1962. 
Peonidin chloride (NoLAN, Pratt, and Rosrnson), 1968. 
Ve chloride (+ H,O) (GaTEWoon and Rosrnsoy), 

4, 


1sH,,0, 


C,6H,,;0,Cl 5:7:3’:4’:5’-Pentahydroxy-3-methoxyflavylium chloride (+ 2H,0) 
(GATEWOOD and RosBInson), 1966. 
C,.H,;0,N, Dinitrodihomopiperonylamine (Perkin, RAv, and Rosrnson), 948. 
C,.H,,0S, 2-Benzoyl-2-phenyl-1:3-dithiolan (HURTLEY and Sm1LkEs), 2267, 
C,,H,,0,N §8-Phenylethylphthalimide (ING and Manske), 2350, 
C,.H,,0,N, 4’-Acetylamino-N-phenylphthalimidine (Rows, Levin, Burns, 
Davigs, and TerrEr), 704. 
C,.H,,0;Te Phenoxtellurine 10:10-diacetate (DrEw), 3069. 
C,eH,,0,N, 2:3’-Dinitrodiacetylbenzidine (LE Fivre and Turner), 1762. 
C,eH,,0,N 5-Acetoacetamidoacenaphthene (Narr and Simonsen), 3143. 
4’-Hydroxy-N-phenylphthalimidine ethyl ether (Rowk, LEvin, Burns, DAvizs, 
and TEPPER), 705. 
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C,4H,s0;N Diacetyl-4-hydroxyaminodiphenyl (Bzx1, Kenyon, and Rosinson), 
1244. 


C,sH,;0,N Benzoylphenylserines (Forster and Rao), 1948. 

CisH,s0,N, 3:4-Diacetyldiaminodipheny] (Brit and Kenyon), 2708. 

CieHys0,N, 2-Nitro-4-amino-3’:4’-dimethoxystilbene, and its hydrochloride (Asu- 
LEY), 2805. : 

CieHie0,S, 1:4:5:8-Tetramethylthianthren disulphone (SEN and RAy), 1140. 

C,eH,,ON Benzoyl-8-p-tolylethylamine (TiTiEy), 519. 

C.gH,,0;N, _1-Hydroxy-3-(4’-aminopheny])-tetrahydrophthalazine-4-acetic acid 
(Rowe, Levin, Burns, Davigs, and Teprer), 702. 

C,6H,sON, 3-Acetylamino-4-dimethylaminodipheny! (Brett and Kenyon), 2710. 

C,sH,sON, Acetone 3-diphenylaminosemicarbazone (BAIRD and Wi1son), 2874. 

Acetophenone 8-methylanilinosemicarbazone (BAIRD and WIzson), 2378. 

Methyl benzyl ketone 8-anilinosemicarbazone (BAIRD and WILson), 2372. 
CisH,,0,Te, Bis-2-methoxy-m-tolyl ditelluride (Morcan and KELLETT), 1086. 
Ci<His0,N, Dinitrotetramethylbenzidines (Bet and Kenyon), 2711. 

C,sHisN,S 2-Amylamino-8-naphthathiazoles (Dyson, Hunter, and SoyKa), 2968. 
C,sH;,0,N Ethyl 2-carbethoxy-7-methoxyindole-3-acetate (PERKIN and RUBEN- 
STEIN), 362. 

Protopine, synthesis of (HAWoRTH and PERKIN), 1769. 

C,eHaN,S 3-a-Naphthylamylthiocarbamides (Dyson, Hunter, and SoyKa), 
2968. 


CisHapIAS Phenyl-8-phenylethylmethylarsine methiodide (Roperts, TurNER, 
and Bury), 1446. 

CisH.,0N, Ethyl-a-a!-cyclopentenylacetophenone (FARRow and Kon), 2136. 
Methyl-a-cyclohexenylacetophenone semicarbazone (FARROW and Kon), 2134. 
Semicarbazone, from condensation of propiophenone and acetone (JoHNSON and 

Kon), 2759. ; 

C,6H,,;0,N Diacetyl derivative of base C,,H,,ON (BANFIELD and Kenyon), 1628. 

C,.H,,0,N d-Methylenecamphor-l-alanine ethyl ester (Kirrinc and Pops), 496. 

CsH.,0,N, Tetramethyl gluconolactone phenylhydrazides (CHaRLToN, HaworTH, 

and PgatT), 99. 
C,,H,,ON, Semicarbazone, from oxidation product of 8-caryophyllene (GiBson, 
RoBERTSON, and Sworn), 165. 
Semicarbazone, from oxidation product of cedreue (Ginson, RoBERTSON, and 
Sworp), 166. 
16 IV 


CisH,o0,NI 6-Iodo-3-phevyl-2-quinoline-4-carboxylic acid (AESCHLIMANN), 2911, 

C,sH,,0,NS Benzenesulphony]-1-nitroso-8-naphthol (Epwarps), 815. 

C,.H,,0,.N,Br, 3:5-Dibromodinitro-4-diacetylaminodiphenyl (KENyYoN and 
Rosinson), 3053. 

C,.H,,0,N,S 4’-Nitrobenzene-1-azo-8-naphthaquinone-l-sulphonic acid, sodium 
salt (Rowe, Levin, Burns, Davigs, and TEPPER), 699. 

C,.H,,NCIAs 12-Chloro-7:12-dihydrophenarsazine (Burton and Gisson), 2243. 

C,.H,,0,N,Br Dibromo-4’-nitro-4-diacetylaminodiphenyl (Kznyon and Rosin- 
80N), 3053. 

C,.H,,0NS 5-p-Tolylthiol-6-hydroxyquinoline (BRookeR and SmILEs), 1728. 

C,.H,,0,NBr, 3:5-Dibromo-4-diacetylaminodiphenyl (KzNyon and Roprnson), 
3052. 


C,sH,,0,N,Cl 4-Chloro-2:6’-dinitro-3’:4’-dimethoxystilbene (ASHLEY), 2806, 
C,.H,,0,N,S 3-(4’-Nitrophenyl)-1:3-dihydrophthalazine-4-acetic acid-1-sulphonic 
acid, monosodium salt (RowE, LEVIN, BurRNs, DAVIES, and TEPPER), 699. 
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CicH,,0,NC1 4-Chloro-2-nitro-3’:4’-dimethoxystilbene (ASHLEY), 2806. 

C,.H,,0,N,Br 5-Bromo-1:3-diphenylbarbituric acid hydrazide (MAcBETH, Nunan, 
aud TRAILL), 1252. 

C,<H,;0,N,Cl 4-Chloro-2:3’-dinitro-4’-piperazinodiphenyl (LE Fivre and Turn. 
ER), 2048. 

C,.H:;0,N,Br 4-Bromo-2:3’-dinitro-4’-piperazinodiphenyl (Lz Fivre and Tury- 
ER), 2048, 

C,.H,;0,,.N,As Nitroethylcarbonatobenzoylaminohydroxyphenylarsinic acids 
Hewitr and Kine), 826. 

CicH,,0,NCl 4-Chloro-2-amino-3’:4’-dimethoxystilbene (ASHLEY), 2806. 

CigHigO;NAS N-Acety]l-2:8-dimethylphenarsazinic acid (BuRTON and Gizson), 
469. 


C,.H,,.0,N,S, Acetanilide disulphoxides (CHILD and SMILEs), 2699. 
C,eH,.0;N,S p-Acetylaminophenyl p-acetylaminobenzenesulphonate (CHILD and 
SMILEs), 2699. 
C,.H,,0,N,S, Acetanilide y-disulphone (CHILD and SMILEs), 2699. 
Dicarbomethoxyaminodipheny] p-disulphoxide (CHILD and SMILEs), 2698. 
C,eHisN.Br,S, 1-Imino-2-methyl-1:2-dihydrobenzthiazole tribromide (HuntEr), 
1393. 


C,.H,,ONAs 10-n-Butoxy-5:10-dihydrophenarsazine (BURTON and Gipson), 464, 

C,cHisN,CIS Methylene-blue, fixation of, by dispersoids (Fopor and Riw try), 
102 ; fixation of, by yeast phosphoprotein sols (RIWLIN), 2300. 

C,.H,,N.Br;S 2-n-Amylamino-8-naphthathiazole tetrabromide hydrobromide 
(Dyson, HunTER, and SoyKa), 2968. 

C,,H,,N,Br,S 2-isoAmylamino-8-naphthathiazole hexabromide hydrobromide 
(Dyson, HunTER, and SoyKa), 2968. 


16 V 
C,6H,,0,N,1,AS, 5:5’-Di-iodo-3:3’-diacetylamiuo-4:4’-dihydroxyarsenobenzene 
(MacaL_um), 1646. 
C,eH,,ONCIAs 10-Chloro-5-acetyl-2:8-dimethyl-5:10-dihydrophenarsazine (Bur- 
TON and GrBson), 468. 
C,.H,,0,N,Cl1;Sb Di-(acetylaminobenzenediazonium chlorides)-antimony trichloride 
(GRAY), 3177. 


C,, Group. 


C,,H,,0; Beuzoylfuroin (GREENE), 331. 

C,,H,,0, Speneetyey 3:4-dimethoxyphenyl ketone (RoBERTsON and Rosiy- 
SUN), 1952, 

C,,H,,0, 5:7-Dihydroxy-4’-methoxy-2-methylisoflavone (BAKER and RosINson), 
2717. 


C,,H,;N; 2-Phenyl-6-methy]-4-anilinopyrimidine, and its salts (ForsyrH and 
Pyman), 2507. 
C,,H,.0, 2-Methoxystyryl benzyl ketone (Dickinson), 2238. 
a-Pheny]l-2-methoxystyryl methyl ketone (Dickinson), 2288. 
C,,H,,0, «-Anisoylpropiophenone (BRaDLEY and Rosinson), 2361. 
CisH sO w-3-Methoxybenzoyl-4-methoxyacetophenone (BRADLEY and RoBINsOy), * 


C,,H,,0; Piperonylideneisophorone (BAKER), 668. 

C,7H,,0; 5:6-Dimethoxy-1-hydrindoneresorcinol (PERKIN, RAy, and Rosrnson), 
949. 

CrrH00 Substance, from «-A'-cyclohexenylacetophenone (FARROW and Kon), 
135. 
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FORMULA INDEX. 17 I-17 IV 


C,7H.90, -Benzoylcamphor, absorption spectra of (Morron and Rosngy), 708. 
Salicylidene-d/-piperitone (EARL and Reap), 2074. 
C,;H.oN, Benzylacetone p-tolylhydrazone (Bainp and WILson), 2374. 
C,,H2204 3-m-Carbethoxybenzylbutyrylacetone, and its copper salt (MorGAN and 
PorTER), 1260. 
C,,H.,0, Ethyl w-4-carbethoxy-2-ketocyclopentylmethylsuccinate (INGoLD and 
SHOPPEE), 1917. 
C,,H.601s Tetracarbethoxy-/-arabinose (HAWORTH and Maw), 1753. 
Tetracarbethoxy-/-xylose (HAWORTH and Maw), 1754. 
C,,H,,0, Caryophyllene acetate (HENDERSON, RoBERTSON, and KERR), 68. 
C,,H;.Sn Benzylethyldibutylstannane (Law), 3243. 


17 Ill 
C,,H,,0N «a- and 8-Naphthanilides (Gipson, Harinaran, Menon, and 
SIMONSEN), 2255. 
C,,H,;0,N, 2:4-Dinitro-m-tolyl-a-naphthylamine (GorNaLL and Rosinson), 
1984, 


C,,H,,OS 1-p-Tolylthiol-2-naphthol (Brooker and Smivxs), 1728. 

C,,H;,0;N, Methyl 1-hydroxy-3-(4’-nitropheny])-1:3-dihydrophthalazine-4-acetate 
(Rowr, Levin, Burns, Davigs, and Teprer), 700. 

C,,H,,0,N, Diacetylaminofluorenes (MorcAN and THomason), 2695. 

C,,H,.0,.N, Piperonylidenenitroaminohomoveratrole (GuLLAND and Rosrnson), 
1950. 


C,,HicO.N, 2':3:4’-Trinitro-4-piperidinodiphenyl (Lz Fivre and Turner), 
2044. 


C,,H,,ON 8-Phenyl-A8-pentenoic anilide (Jonson and Kon), 2754. 

C,,H,,0,N Substance, from 8-tolylethylamines and piperonal (T1rLEy), 517. 

C,,H,,0,N, 2-Hydroxystyryl benzyl ketone semicarbazone (DicKINson), 2237. 

C,,H,,0,N cis-O-Methyl-N-benzoylphenylserine (ForsTEr and Rao), 1948, 

C,,H,.N,S 1-Xylidinodimethylbenzthiazo'es (HUNTER), 1403. 

C,,H,,ON, 2-Hydroxy-s-tert.-butylbenzaldehyde phenylhydrazone (HENRY and 
SHARP), 2437. 

C,,H,,ON, Benzylacetone 5-anilinosemicarbazone (BairD and WiLson), 2373. 

CirHy N.S 2-n-Hexylamino-8-naphthathiazole (Dyson, HunTgeR, and Soya), 
2969. 

C,,H,.BrAs As-Methyltetrahydroarsindole benzobromide (RoBeRTs, TURNER, 
aud Bury), 1444. 


C,,H,,ON, Semicarbazone of product from a-A'-cyclopentenylacetone and ethyl 
sodioacetate (FaRROw and Kon), 2136. 


C,,H,,0,N 9-Acetyl-10-acetoxy-11-hydroxy-6-methyllexahydrocarbazole (MAN- 
JUNATH and PLANT), 2262. 


C,,H,,.N,S s-a-Naphthyl-n-hexylthiocarbamide (Dyson, HuntEr, and SorKa), 
2969. 

C,,H.,0N;, Ethyl-a-cyclohexenylacetophenone semicarbazone (FARROW and Kon), 
2134. 


C,,H,;0N Salicylidene-d/-menthylamines (READ, Cook, and SHANNON), 2230. 

C,,H,,ON, di-isoMenthylphenylcarbamide (READ, Cook, and Suannon), 2231. 

C,,H,,0,C], Caryophyllene dichlorohydrin (HENDERSON, RoperTson, and KERR), 
6Y. 


17 IV 
C,,H,N,Br,S 1-1-Xylidino-3:5-dimethylbenzthiazole hexabromide (HUNTER), 
1403. 


C,;Hi,0N;S Benzthiazole-l-azo-8-naphthol (HuNTER), 1396. 
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17 IV—18 II FORMULA INDEX. 


C,,H,,0,N,Cl Glycerol a-chlorohydrin di-p-nitrobenzoate (FAIRBOURNE and 
Foster), 3150. 

a Chloromethy]-7:12-dihydrobenzophenarsazines (BURTON and Grn. 
SON), 2244. 

C,,H,,0N,S Dibenzylidene-3-amino-2:4-diketotetrahydrothiazole-2-hydrazone 
(STEPHEN and WILsoN), 2538. 

C,,H,;0,N,I Substance, from quinaldine methiodide and p-nitrophenylnitroso- 
amine (HuMPHRIES), 376. 

CirH1,0,C1,Fe 3’:4’-Dimethoxyflavylium feriichloride (RopERTsoN and Rostn- 
sON), 1952. 

C,,H,;0,Cl,Fe 7:4’-Dihydroxy-3-methoxy-5-methylflavylium ferrichloride (Ro- 
BERTSON and Rosinson), 1719. 

7-Hydroxy-3’:4’-dimethoxyflavylium ferrichloride (RopERTSON and Rostnsoy), 

1953. 

C,,H,,0,N,Cl 4-Chloro-4’-piperidino-2:3’-dinitrodiphenyl (DeNNerT and Turn- 
ER), 479. 

Cult sOa er 4-Bromo-4’-piperidino-2:3’-dinitrodiphenyl (DENNETT and Turn- 
ER), 479. 

C,,H,,0,N,Br 4-Bromo-3’-nitro-4’-piperidinodipheny] (LE Frkvre and Turner), 
2046. 


C,,H,,N,SNa Sodium diacetophenonethiocarbohydrazone (STEPHEN and TURNER), 
2537. 


C,,H,.N,Br,S 1-Xylidinodimethylbenzthiazole tetrabromides (HUNTER), 1403. 

C,,H,.N,Br,S 1-m-Xylidino-3:5-dimethylbenzthiazole hexabromide hydrobromide 
(HunTER), 1403. 

C,,H.,N,Br,;S 2-n-Hexylamino-8-naphthathiazole tetrabromide hydrobromide 
(Dyson, Hunter, and SoyKa), 2969. 


C,. Group. 
C,sH,, Substance, from reduction of isophorone (BAKER), 670. 
18 II 
C,sHioN, Phenazineazine (Durr), 1180. 
1sH,,0; 7-Acetoxy-4’-methoxyflavone (RoBINSON and VENKATARAMAN), 2346. 
C,sH,,0, 2-(2:3-Dimethoxybenzylidene)-l-hydrindone (PERKIN, RAy, and 
KoBINson), 952. 
2-Veratrylidene-1-hydrindone (PERKIN, RAy, and Ropiyson), 951. 
CisH,,.0, 5-Hydroxy-7:4’-dimethoxy-2-methylisoflavone (BAKER and Rosrnsoy), 
2718. 
C,sH,.0, 7-Hydroxy-3:3’:4’-trimethoxy flavone (ALLAN and RoBINsoN), 2835. 
CigH,.0, 5:7-Dihydroxy-3:3':4’-trimethoxyflavone (ALLAN and RoBiNson), 
2336. 


C,,H,,0, Benzylidene-8-hydroxy-8-(2-carboxy-4:5-dimethoxypheny])ethylamine 
(Epwakps), 749. 

C,sH,,N, 4-Phenylimino-2-phenyldimethyldihydropyrimidine (ForsyrH and 
PYMAN), 2508. 

2-Phenyl-6-methyl-4-methylanilinopyrimidine, and its salts (ForsyTH and 

Pyman), 2509. 

C,sH,,0; -4-isoPropoxybenzoylacetophenone (BraDLEy and Rosinson), 2362. 

C,sH,,0, «-Anisoy]-3:4-dimethoxyacetophenone (BrapLEY and Rosinson), 
2366. 


3:4-Dimethoxyphenyl 3:4-methylenedioxy-6-phenyl-a-aminoethyl ketone, and 
its salts (CAMPBELL, HaAworTH, and PERKIN), 38. 
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FORMULA INDEX. 18 II—18 ITI 


C,sH,,05 «-3-Methoxybenzoyl-3:4-dimethoxyacetophenone (BRADLEY and RoBIN- 
son), 2366. 

C,.H,,0, Veratric anhydride (ALLAN and Rosrnson), 2334. 

C,sH.903 Piperonylidene-dl-piperitone (Ear and Reap), 2075. 

C.sH,,0, Anisylidene-d/-piperitone (Earu and Reap), 2073. 

CisH..0, Ethyl dicarboxycyclopentenylmalonate (INGoLD, SHoprEE, and THORPE), 
1487. 


C,sHs90, Trimethyldicyclohexyl-5:5’-dione (BAKER), 669. 
C,sHs,0, Stearolic acid, hydration of (G. M. aud R. Rosrnson), 2205. 
C,3H;,0, Elaidic acid and Oleic acid, oxidation of (Hi.piTcH), 1828, 
Oleic acid, potassium salt, equilibria of potassium chloride, water, and (McBAIN 
and ELForpD), 421. 


C,,H,,0, 9-Ketostearic acid (G. M. and R. Ronrnson), 2207. 
CigH;,0, Dihydroxystearic acids, isomerism of (H1LDITcH), 1828. 


18 III 

C.sH1,0;Br Piperonylidene-6:7-methylenedioxy-1-hydrindone (HaworTH, PER- 
KIN, and STEvENs), 1768. 

C,sH;,0,N, Phthalbromomethylimide (BALABAN), 572. 

C,.H,,ON, 2-Hydroxy-5-phenylazobenzene (BELL and Kenyon), 3045. 

C,,H,,0,N, N-o-Nitrophenylbenzidine (Tucker), 3035. , 

C,sH,;0,N, 1-Acetoxy-3-(4’-nitrophenyl)-1:3-dihydrophthalazine-4-acetic acid 
(Kowk, Levin, Burns, Davigs, and Tepper), 701. 

C.sH,,0,N, 3:4’-Diacetylaminotolane (HARRISON), 1237. 

Ci,H,.0,S, 3:7-Dimethoxy-2:6-diacetoxythianthren disulphide (SzN and RAy), 
1141 


C,sH,,0,N, Ethyl A-dinitrodiphenate (CuristrzE, HoLDERNESS, and KENNER), 
673. 


Ethy! 2:2’-dinitrodiphenyl-3:3’dicarboxylate (BURTON, HAMMOND, and KENNER), 
1804 


CisH1,0,N, Anhydrohydrastinine-2:4:6-trinitrotoluene, and its hydrochloride 
(Rowinson and West), 1987. 

CisH1,0,N tsoNitroso-3:4-dimethoxyphenyl  3:4-methylenedioxy-p-phenylethy] 
ketone (CAMPBELL, HaWokTH, and PERKIN), 38. 

C,.H,,0,Cl 7-Methoxy-4-phenyl-2:3-dimethylbenzopyrylium perchlorate (HEIL- 
BRON and ZAKI), 1904. 

CisH, ON, 5-Cinnamylideneamino-8-isopropy1]-1:2:4-triazole (REILLY and Drumm), 


C,sH,,0,N, 3:4’Diacetylaminostilbene (HARRISON), 1236. 

C,.H,,0,N, Acetylaminophenyl acetylaminobenzyl ketones (HARRISON), 1238. 

C,.H,,0,N, 2-Nitro-4-acetylamino-3’:4’-dimethoxystilbene (ASHLEY), 2805. 

C,sH,,N,Cl 4-Anilino-2-phenyldimethylpyrimidinium chloride (ForsyTH and Py- 
MAN), 2509. 


C,sHigNgI 4-Anilino-2-phenyldimethylpyrimidinium iodide (ForsyrH and Py. 
MAN), 2508. 

C,,H,,ON §4-Phenyl-A8-hexenoic anilide (Jounson and Kon), 2755. 

8-isoPropylcinnamanilide (JoHNson and Kon), 2757. 

C,.H,,0,N Ethyl 8-5-acenaphthylaminocrotonate (NAIR and SIMONSEN), $142. 

C,sH,,0,N, _1-Acetoxy-3-(4’-aminophenyl)tetrahydrophthalazine-4-acetic acid 
(Rowg, Levin, Burns, Davies, and TrrPeR), 702. 

C,sH0,N, 3:4’-Diacetylaminodibenzyl (HARRISON), 1236, 

CisH-005Ne Acetophenone 8-carbethoxyanilinosemicarbazone (BAIRD and WIL8oN), 
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18 IIl—18 V FORMULA INDEX. 


C,,H,,0,N Neopine, constitution of, and its hydrobromide (vaN DuIN, Rosinson, 
and SmirTH), 903. 

C,.H,,ON, 2-Hydroxy-5-isoamylbenzaldehyde phenylhydrazone (HENRY and 
SHarP), 2438. 

CisH,,0N, Benzylacetone 8-methylanilinosemicarbazone (BAIRD and WItsoy), 


6.8.0.8, Substance and its potassium salt, from 8-phenylhydroxylamine and 
acetone (BANFIELD and Kenyon), 1621. 
C,,H,,.N,S 2-n-Heptylamino-8-naphthathiazole(Dyson, HUNTER,and SoyK4), 2969, 
C,,H,,0N, Semicarbazone of substance C,,H,,0 (Farrow and Kon), 2135. 
C,sH,,;0,N cycloHexanespirocyclohexan-3-ol p-nitrobenzoate (NorRIs), 250, 
C,,H,;0;N Cryptopine, synthesis of (HAworTH and PERKIN), 1769. 
Dihydroxydihydrocodeine (CAHN and RoBiNson), 910. 
C,,H..N,S s-a-Naphthyl-n-heptylthiocarbamide (Dyson, Hunter, and Soyka), 
2969. 
C,sH.~0.N, Benzoquinone derivatives of butyl glycines (Morea), 80. 
C,,H,,0,N, Ethy] w-4-carbethoxy-2-ketocyclopentylmethylsuccinate semicarbazone 
(INGOLD and SHoppee), 1917. 
18 IV 


CisH1,0,N,C1 4-Chloro-2:3’-dinitro-4’-phenoxydiphenyl (LE Fivre and TuRNER), 
Cul 1 0.N,Br 4-Bromo-2:3’-dinitro-4’-phenoxydipheny] (Lz Fivre and TuRNER), 
OH, O4NC1 4-Chloro-2:3’-dinitro-4’-anilinodiphenyl (LE Fixvre and TuRNER), 
Oy O.NBr 4-Bromo-2-3’-dinitro-4’-anilinodiphenyl (Lz Fixvre and TurNER), 


C,,H,,0,C1,Fe 2:3-Indeno(1:2)dimethoxybenzopyrylium ferrichlorides (PERKIN, 
RAy, aud Roprnson), 951. 

C,,H,,0N,S 2:4-Diketo-3:5-diphenyltetrahydrothiazole-2-isopropylidenehydrazone 
(STEPHEN and WILson), 2534. 

C,:H170,N,I Substance, from quinaldine ethiodide and p-nitrophenylnitrosoamine 
(HuMPHRIEs), 376. 

C,;H,,0,Cl,Fe § 7-Methoxy-4-phenyl-2:3-dimethylbenzopyrylium _ferrichloride 
(HEILBKON and Zak!), 1904. 

C,.H,,0,Cl,Fe ‘Trimethoxyflavylium ferrichlorides (RopERTson and Rosinson), 
1954. 


C.sH,,0,;NCl 4-Chloro-2-acetylamino-3’:4’-dimethoxystilbene (AsHLEY), 2806. 
Croll ,0.NaI 2-Formyl-6-methylquinoline p-nitrophenylhydrazone (HUMPHRIES), 
376. 


C,,H,,0,N,S, 2-Acetylaminotolyl 5-disulphide (CaILp and Sm1zks), 2700. 

C,,H..0,N,S, 2-Acetylaminotolyl 5-disulphoxide (Cu1Lp and SmiEs), 2701. 
Dicarhethoxyaminodipheny] p-disulphide (CHILD and SMILEs), 2698. 

CisH O68, Dicarbethoxyaminodipheny] p-disulphoxide (CHILD and SmI1xzs), 


C,.H,.0.N.8 6’-Nitromethoxvethoxyphenyl-4:5-thiotriazocatechol methyl ethyl 
ether (ALLAN and Rosrnson), 379. 
C,,H,,N,Br,,S 2-n-Heptvlamino-8-naphthathiazole tetradecabromide (Dyson, 
UNTER, and SoyKA), 2969. 
C,sH,,N,,S,Cu, Tetratriaminopropanetricupric hexathiocyanate (MANN), 2685. 
18 V 


C,,H,,ONBr,S, 2:5-Dibromophenyl 4-acetylaminonaphthyl disulphide (CHILD 
and SMILzEs), 2701. 
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FORMULA INDEX. 19 II—19 III 


Cy. Group. 

C19H 1204 A}l-cycloHexenylmalonic acid (Kon and Spricut), 2738. 

C,,H,,N 4-Benzylideneaminodiphenyl (BELL and Kenyon), 2707. 

C,9H160, Diacetyl-w-benzoyloxyresacetophenone (HEAP and RoBINson), 2338. 

Ci9H1,0, 2-m-Methoxybenzylidene-5:6-dimethoxy-1-hydrindone (PERKIN, RAy, 
and Roxprnson), 950. 

C,,H,,0,; Dimethoxydihydroxydistyry] ketones (McGoox1N and S1nciarn), 1579. 

5:7:4’-Trimethoxy-2-methylisoflavone (BAkER and RoBinson), 2718. 

CioHis0_ 2-Veratrylidene-4:6-dimethoxycoumaranone (PERKIN, RAy, and Rosrx- 
son), 951. 

C,;H..0, 3:4-Dimethoxystyryl veratryl ketone (PERKIN, Ray, and Rosinson), 
951. 


C,9H..0, 3-Homoveratry]-7-methoxychroman (PERKIN, RAy, and Rosrnson), 948. 
C,,H..0, Menthyl acetophenone-o-carboxylate (RULE and Smit), 556. 

C,,H3,03 13-Ketononadecoic acid (G. M. and R. Rosrnson), 2207. 

C:pHss0, Propyl palmitate (Fear and Menzizs), 938. 


19 III 
C,,H,,0,N 8-Hydroxy-8-(2-carboxy-3:4-dihydroxyphenyl)ethylamine, and _ its 
hydrochloride (Epwarps), 746. 
C,,H,,;0,;N 2:3:9:10-Bismethylenedioxyoxyprotoberberine (HaworTH and PrErR- 
KIN), 1780. 
C,,H,;ON 4-Benzylideneamino-4’-hydroxydiphenyl (BELL and Kenyon), 2712, 
C,9H,;0,N 2:3:9:10-Bismethylenedioxydihydroprotoberberine, and its hydro- 
chloride (HAWORTH and PERKIN), 1783. 
C,,H,;0;N 6:7-Methylenedioxy-3-(3’:4’-dimethoxybenzoy])isoquinoline (Camp- 
BELL, HAWorTH, and PERKIN), 40. 
C,,H,;;0.N -8-Piperonylethyl-3:4-methylenedioxyhomophthalimide (Hawortu 
and PERKIN), 1779. 
C,9H,;sNS -Phenylbenziminopheny] thioether (CuaPpmMAN), 2298. 
C,,H,,ON, 3-Amino-4-benzoylaminodiphenyl (BELL and Kenyon), 2709. 
4-Hydroxyaldehydodipheny] phenylhydrazone (Bett and Kenyon), 3047. 
C,,H,.0,S 4-p-Toluenesulphonyloxydipheny] (BELL and Kenyon), 3049. 
C,,H,,0,N 2:3:9:10-Bismethylenedioxytetrahydroprotoberberine, and its hydro- 
chloride (HAwoRTH and PERKIN), 1780. 
6:7-Methylenedioxy-3-(3’:4’-dimethoxybenzy])isoquinoline, and its picrate (Camr- 
BELL, HAWORTH, aud PERKIN), 41. 
C,,H,,0,P m-Hydroxytriphenylmethylphosphinic acid, and its sodium alt 
(Boyp and Smirn), 2330. 
C,,Hi,0;N 6-7-Methylenedioxy-3-(a-hydroxy-3’:4’-dimethoxy benzy])isoquinoline 
and its picrate (CAMPBELL, HAWoRTH, aud PERKIN), 40. 
C,,H,,0,N N-8-Piperonylethyl-3:4-methylenedioxyhomophthalamic acid (Ha- 
WORTH and PERKIN), 1780. 


C,,H,,0,N, Substance, from dehydrogenation of tetracyclosqualene (HARVEY, 
HEILBRON, and KAMM), 3138. 


C,,H,,N;S 4’-Aminodiphenylylphenylthiocarbamide (Lz Fivre and Turner), 
2484, 


C,,H,,ON, p-Hydroxy-p’p’’-diaminotriphenylmethane (Durr), 1174. 
C,,H,,0,N, Triacetyl-2:7-diaminofluorine (MorGAN and THomason), 2695. 
C,,H,,0;N 8-Benzoyloxy-8-(2-carboxy-3:4-dimethoxypheny])ethylmethylamine 
lactone (EDWARDS), 747. 
§:7-Methylenedioxy-3-(3’:4’-dimethoxybenzoy])-1:2:3:4-tetrahydroisoquinoline, 
and its salts (CAMPBELL, HaworTu, and |’ERKIN), 89. 
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19 I1I—19 IV FORMULA INDEX. 


C,,H,oN3I 4-Methylanilino-2-phenyldimethylpyrimidinium iodide (ForsyTH and 
Pyan), 2509. 

C,,H.,0,N 6:7-Methylenedioxy-3-(3’:4’-dimethoxybenzyl)-1:2:3:4-tetrahydroiso- 
quinoline, and its salts (CAMPBEI.L, HAworTH, and Perky), 41. 

C,,H.,0,N _1-1’-Hydroxycyclopentane-1’-carboxylyl-p-toluidinocyclopentane-1- 
carboxylactone (OAKESHOTT and PLANT), 1212. 

C,,H,,0,N, Anhydrocotarnine-2:4-diaminotoluene (ROBINSON and WEsT), 1985. 

C,,H.,0,N; Nitrobenzyltriethylammonium picrates (Goss, INGoLD, and WiLson), 
2450. 


C,,H,,0,N, Benzyltriethylammonium picrate (Goss, INcoLp, and Wu1son), 
2450. 


C,,H.,0,N Dihydrodeoxytetrahydro-a-methylmorphimethine (CAHN), 2567. 
C,,HsoIAs Dicyclohexylphenylarsine methiodide (RopERTs, TURNER, and Bury), 
1446. 


C,,H3.0.Cl, 8-Palmityl dichlorohydrin (WuttBy), 1460. 


19 IV 
C,.H,,0ONI, 3:6-Di-iodo-9-benzoylcarbazole (TuckER), 549. 
C,,F,,ONI 3-Iodo-9-benzoylearbazole (TuckER), 549. 
C,,H,,ONC] 10-Hydroxyanthranyl-9-pyridinium chloride (+-H,O) (MaTrHEws), 
243. 


C,9H,,0C1,P y-Chlorotriphenylmethoxyphosphorus dichloride (Boyp and Smrra), 
2327. 


C,,H,,0,NCl 2:3:9:10-Bismethylenedioxyprotoberberinium chloride (HawonrtH 
and PERKIN), 1784, 

C,,H,,0,N,Cl 4-Chloro-2:3’-dinitro-4’-methylanilinodiphenyl (Lz Fkvre and 
TURNER), 2047. 

C,.H,,0,N;Br 4-Bromo-2:3’-dinitro-4’-methylanilinodiphenyl (Le Fivre and 
TURNER), 2047. 

C,,H,,0,N,S 3:4’-Dinitro-4-hydroxydiphenyl p-toluenesulphonate (BELL and 
KENyon), 3049. 

C1sH.,0.NS 4-p-Toluenesulphonyloxy-4’-nitrodipheny] (Brii and KeEnyon), 
049. 


C,,H,;0,Cl,Fe 2:3[5:6-Dimethoxyindeno(1:2)]-6:7-methylenedioxybenzopyrylium 
ferrichloride (PERKIN, RAy, and Roprnson), 952. 
2:3-[7-Methoxychromeno(4:3)]-6:7-dimethoxybenzopyrylium ferrichloride (PER- 
KIN, RAy, and Roprnson), 950. 
C,,H,,ONAS 10-Benzyloxy-5:10-dihydrophenarsazine (BURTON and Gipson), 464. 
ar Phenyl 4’-aminodiphenylylthiocarbamate (LE FvrE and Turner), 
483. 


C,,H,,0,CIP -Chlorotriphenylmethylphosphinic acid, and its potassium salt 
(Boyp and SMITH), 2328. 

C.9H,,0,;BrP »-Bromotriphenylmethylphosphinic acid, and its salts (Boyp and 
SMITH), 2328. 

CigHss0.N2S 3-Nitro-4-p-toluenesulphonylaminodiphenyl (BELL and KEnyoy), 
2708. 


C,,H,,O,NS 4-Aminodiphenyl p-toluenesulphonate (BELL, Kenyon, and Rosiy- 
SON), 1246. . 
C,,H,,0,Cl,Fe 2:3[5:6-Dimethoxyindeno(1:2)}-8-methoxybenzopyrylium _ferri- 
chloride (PERKIN, RAy, and Roprnson), 983. 
C,,H,,0ON,S 3-Phenylmethylmethyleneamino-2:4-diketotetrahydrothiazole 
2-phenylmethylmethylenehydrazone (STEPHEN and Wr1son), 2537. 
C,,H,,0,Cl,Fe 7-Methoxy-4-p-anisy]l-2:3-dimethylbenzopyrylium _ferrichloride 
(HEILBRON and Zax1), 1905. 
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FORMULA INDEX. 19 IV—20 III 


C,5Hi,0;CI,.Fe 7-Hydroxy-3:3’:4’-trimethoxy-5-methylflavylium —_ferrichloride 

(ROBERTSON and RoBINsoNn), 1955. 
Tetramethoxyflavylium ferrichlorides (RopERTsON and Robinson), 1957. 
C,,H.,0,NCu Quinolino-cupric acetylacetone (Morcan and Smita), 919. 
19 V 

C,,H,,;0,NI,S 3:6-Di-iodo-9-toluene-p-sulphonylearbazole (TucKER), 551. 

C,,H,,0C1,BrP y-Bromotriphenylmethoxyphosphorus dichloride (Boyp and 
SMITH), 2328. 

C,,H,,0,NC1,P y-Nitrotriphenylmethoxyphosphorus dichloride (Boyp and 
SMITH), 2332. 

C,,H:ceONSbSe Triphenylstibine hydroxyselenocyanate (CHALLENGER, PETERS, 
und Hattvy), 1653. 


C.. Group. 
C,.H,;Br 10-Bromo-9-phenylanthracene (Cook), 2168. 
C..H,,0, «-Furoylpiperonylearbinyl benzoate (GREENE), 335. 
a-Furylcarbinylpiperonoy] benzoate (GREENE), 335. 
C.9H,,0, 3:7-Diacetoxy-4’-methoxyflavone (HEAP and Roptnson), 2339. 
5-Hydroxy-7:4’-diacetoxy-2-methylisoflavone (BAKER and Roprtnson), 2717. 
C.9H,,0, 7-Acetoxy-3:3’:4’-trimethoxyflavone (ALLAN and Ropinson), 2335. 
C.9H.»0; 2’:3’:5:6-Tetramethoxy-2-benzylidene-l-hydrindone (Perkin, RAy, and 
Kosinson), 953. 
CyoH.,0, Ethyl dibenzylacetoacetate, reduction of (HILL), 956. 
C.oH,,0, 3:4:5-Trimethoxyphenyl 2-hydroxy-4:6-dimethoxystyryl ketone (GATE- 
woop and Rosinson), 1963. 
C.oH,,0; Opianylidene-di-piperitone, and its calcium salt (EArt and Reap), 2076. 
CyoH.,Sn Dibenzylethylbutylstannane (Law), 3243. 
20 Ill 
C.oH,O,.N, Quinoxaline derivative of 2:4:7-trinitrophenanthraquinone (CuRIsTI& 
aud KENNER), 478. 
CroHsO6Ne Quinoxaline derivative of tetranitrobenzil (CuRistiz and KENNER), 
475. 


CyoH,,0;N Anilinohydroxy-4:9-anthraquinone (GREEN), 1433. 

C.oH,,;0,N; 2:2’-Dinitronaphthylamine (Hopcson and KILNeER), 8. 

C.oH,,OS 1-8-Naphthylthiol-2-naphthol (Brooker and Sm1vEs), 1728. 

C.o9H,,OS, 2-Benzoyl-2-phenyl-1:3-benzdithiole (HURTLEY and Sm1LEs), 2267. 

C.oH,,0,N, Phthalylbenzidine, and its sulphate (Lz Favre and Turner), 2482. 

C.oH,,0,Cu Cupribenzoylpyruvic acid, strychnine salt (MiLLs and Gorts), 8180. 

CyoH,,0,Zn Zincibenzoylpyravic acid, brucine salt (MILLs and Gorts), 3131. 

C.oH,,N,S Benzylidenethiocarbonylbenzidine (Lz Fivre and Turner), 2483. 

C,oH,,0,Br 7-Methoxy-8-(6’-bromohomopiperony])-2-methyl-1:4-benzopyrone 
(BAKEk), 1076. 

C.oH:.N,Br, w-Benzylidenehydrazinobenzaldehyde-2:4-dibromophenylhydrazone 
(CHATTAWAY and ParRKgss), 115. 

C,9H;,0;N, N-Acetyl-N’-o-nitrophenylbenzidine (TuckER), 3035. 

C,.H,,0,Be Berylliobenzoylpyruvic acid, salts of (MiLis and Gorrs), 3126. 

CroH ON, Benzylidene 8-diphenylaminosemicarbazide (BAIRD and WILson), 


CioHs,ON 9-Benzoyl-6-methyltetrahydrocarbazole (MANJUNATH and PLAnrt), 


C,oH,,0,P Diphenyl-p-tolylmethylphosphinic acid, and its potassium salt (Boyp 
and SMITH), 2333. 
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20 III—20 IV FORMULA INDEX. 


C.oH,,0,N Anhydrodihydroprotopine (HAworTH and Perkin), 1782. 
2:3-Methylenedioxy-11:12-dimethoxy-6:17- or -6:15-dihydroparaberine, and it 
salts (CAMPBELL, HAWORTH, and PERKIN), 42. 
C.oH,,0,P m-Methoxytriphenylmethylphosphinic acid (Boyp and SmrrnH), 2330. 
©,oH,,0;N Anuhydrodihydroprotopine oxide (Hawortn and Perkry), 1782. 


C.oH,,0,N N-8-Veratrylethylmethylenedioxyhomophthalimides (HawortTH and 
PERKIN), 1776. 

C.oH,,0,N Methyl N-8-piperonylethyl-3:4-methylenedioxyhomophthalamate (Ha- 
WORTH and PERKIN), 1780. 

C,.H.,0,N di-Dicentrine, resolution of (HAWorTH, PERKIN, and RANKIN), 29. 

2:3-Methylenedioxy-11:12-dimethoxy-6:15:16:17-tetrahydroparaberine, and _ its 

salts (CAMPBELL, HAWoRTH, and PERKIN), 41. 

C.oH,,0,N, Piperidine 3:4’-dinitropheny!cinnamates (HARRISON and Woop), 
580. 


C..H,,0,N N-8-Veratrylethyl-3:4-methylenedioxyhomophthalamic acid (Ha- 
WORTH and PERKIN), 1776. 


C.o.H,,0,N, Anhydrocotarnine-2:4-dinitro-3-methoxytoluene, and its hydrochlor- 
ide (RoBINSON and WEsT), 1986. 


C..H,;0;N 6:7-Dimethoxy-1-(8-dimethylaminoethy])phenanthrene, and its hydro- 
chloride (RoBINsON and SHINoDA), 1994. 


C.,>H2;0,N, Anhydrocotarnine-2-nitro-4-amino-3-methoxytoluene (RoBINSON and 
SaHINnopDA), 1991. 


C.»H,,0,N, Anhydrolaudaline-2:4-dinitro-3-methoxytoluene, and its hydrochlor- 
ide (RoBINSON and SHINoDA), 1990. 


C.oH.,0,N, Acetyl derivative of condensation product from §-phenylhydroxyl- 
amine and acetone (BANFIELD and Kenyon), 1621. 


C..H,;0;N, Anhydrolaudaline-2-nitro-4-amino-3-methoxytoluene (RoBrNnson and 
SHINoDA), 1990. 


C.oH,,;0,N, Diacetylaminotetramethylbenzidines (BELL and Kenyon), 2711. 


C.oH.BrAs cycloHexylphenylbenzylmethylarsonium bromide (RoBERTS, TURNER, 
and Bury), 1447. 


C.oH:,0;N Methyldihydrothebainonemethine (CAHN), 2569. 


C.oH,,0,N, Anhydrolaudaline-2:4-diamino-3-methoxytoluene, and its dihydro- 
chloride (ROBINSON and SHINODA), 1990. 


C.9H2,0;N Dihydromethyldihydrothebainonemethine (CAHN), 2570. 
CroHs00Ne Methyldihydrothebainonemethine semicarbazone (+ H,O) (CAuHN), 


CrollaslAs Dicyclohexylphenylarsine ethiodide (RopERTs, TURNER, and Bury), 


C.o9H3,0,N, Trimethylbicyclohexyl-5:5’-dione disemicarbazone (BAKER), 669. 


20 IV 


C.oH;,NC1,S, Bis-2:5-dichlorophenylthiolphenylacetonitrile (BrookER and 
SMILEs), 1726. 


Czo0H,;NC1As Chlorodihydrodibenzphenarsazines (BURTON and GrBson), 462. 
C.oH,,ON,S Salicylidenethiocarbonylbenzidine (LE FrvrE and TURNER), 2483. 


C.oH,;0,N;Br, -p-Nitrobenzylidenehydrazinobenzaldehyde-2:4-dibromopheny]- 
hydrazone (CHaTTAWAY and ParxKgs), 115. 


CyoH100,N,S, 1:4-Di-p-toluenesulphonyl-2:5-dimethylpiperazines (Kirrrnc and 
Pore), 1078. , 


CyoH,,0C1,P Diphenyl-p-tolylmethoxyphosphorus dichloride (Boyp, SmitH, and 
TULLY), 2332. 


CyoH,,0,C1,P Diphenylanisylmethoxyphosphorus dichlorides (Boyp and SirTH), 
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20 IV—21 III 


FORMULA INDEX. 


CyoHi,0,NS p-Toluenesulphonyl derivative of 4-methylaminodipheny] (BELL, 
KENYON, and RosBinson), 1245. 

C.oH,,0;N,Cl Substance, from phosphoryl chloride and 4-chloro-2:6’-diacetyl- 
amino-3':4’-dimethoxystilbene (ASHLEY), 2807. 

CyoH1g0sCl,Fe 2:3[5:6-Dimethoxyindeno(1:2)]dimethoxybenzopyrylium ferrichlor- 
ides (PERKIN, KAy, and Roprnson), 952. 

C.oH,00,NCl isoDihydroprotopine chlorides (HAworTH and PERKIN), 1781. 

C.oH,10,N,C1 4-Chloro-2:6’-diacetylamino-3’:4’-dimethoxystilbene (ASHLEY), 
2806. 


C.pHe:0.Cl,Fe 5:7:3’:4’:5’-Pentamethoxyflavylium ferrichloride (GATEWoop and 
Rosinson), 1964. 

C..H..0,NC1 7-Methoxy-4-p-dimethylaminophenyl-2:3-dimethylbenzopyrylium 
perchlorate (HRILBRON and ZAKI), 1906. 

C.oH.,0,NI Methyldihydrothebainonemethine hydriodide (CAHN), 2569. 

CooHsoO,NI Methy]deoxytetrahydro-a-methylmorphimethine hydriodide (Cann), 
2566. 


CyoHs00,NI Dihydromethyldihydrothebainonemethine hydriodide (CAHN), 2570. 
C.oH;,0,NI Dihydrodeoxytetrahydro-a-methylmorphimethine methiodide(CaHn), 
2567. 


eg ae aE hydriodide (Canny), 
2571. 


20 V 
C.oH;,0,.NS,As, Disilver dithioleamphor argentinitrate (DrumMoND and 
GIBSON), 3076. 
Cz Group. 
C.,H,,0, 2-Benzoylanthrapurpurin (GREEN), 2201. 
C,,H,;Br, 10-Bromo-9-benzylanthracene tetrabromide (Cook), 2167. 
Cu1Hs.0. Substance, from benzylideneanthrone dibromide and silver oxide (Coor), 
171. 


C,,H,;Cl 10-Chloro-9-benzylanthracene (Cook), 2168. 

C,,H,,Br 10-Bromo-9-benzylanthracene (Cook), 2166. 

C,,H,,N Dihydroanthraphenone ketimine (Cook), 1682. 

C,,H,,0 d- and /-Benzyldeoxybenzoin (McKenziz, RocEr, and WILLs), 788. 

CrrHs0, 5:7-Diacetoxy-4’-methoxy-2-methylisoflavone (BAKER and RoBINson), 
2717. 


C.,H,,0, Triacetyl-w-benzoyloxyphloracetophenone (HEAP and Rosinson), 2840. 
C,,H.3N; »-Dimethylamino-p’p”-diaminotriphenylmethane (Durr), 1175. 
21 III 
C.,H,,N,Cl, 1:3:4-Trichloro-2-methylbenzophenanthrazine (DAvies and LEEPER), 
1419, 


C,,H,.N,Cl, 1:3-Dichloro-2-methylbenzophenanthrazine (Davies and LEEPER), 
1416, 


C.:H,,0Cl 10-Chloroanthraphenone (Cook), 1286. 

C,,H,,0Br 10-Bromoanthraphenone (Cook), 1285. 

C,,H,,0Cl, 9:10-Dichloro-9:10-dihydroanthraphenone (Cook), 1286. 

C,,H,,0,N, 9:10-Dinitro-9:10-dihydroanthraphenone (Cook), 1286. 

C.,H,;0,N 10-Nitro-9-benzylanthracene (Cook), 2169. 

C,,H,;0,N p-Toluidinohydroxyanthraquinone (GREEN), 1434. 

C,,H,50,Cl 3:4’:6-Trihydroxy-9-styrylxanthylium chloride (+H,O) (ATKINSON 
and HEILBRON), 682. 

C,,H,,ON, 3-Benzoylamino-2-phenylindole (Roprnson and THoRNLEY), 3145. 

C,,H,,ON Dihydroanthraphenone oxime (Cook), 1682. 
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21 IlI—22 II FORMULA INDEX. 


C.,H,,0,N 9-Hydroxy-10-nitro-9-benzyl-9:10-dihydroanthracene (Cook), 2168. 

C,,H,,0,N, Benzoylaminoacetylaminodiphenyls (BELL and KENyon), 2709. 

C,,H,,0,N, 0-Benzoylmethylaminophenylurethane (CLaRK), 235. 

C.,H,,0,N, ‘Trivitrotribenzylamine (Goss, INcoLp, and Wi1son), 2457. 

C.,H,,ON Benzoyl-2-methyl-1:2:3:4-tetrahydro-a-naphthaquinoline (GiBson, 
HARIHARAN, MENON, and SIMONSEN), 2252, 


C,,H,,ON; «-Benzoylaminoacetophenone phenylhydrazone (RoBINsON and 
THORNLEY), 3145, 


C.,H,NS Thiobenzoyldi-p-tolylamine (CHAPMAN), 2298. 
N-p-Tolylbenzimino-p-tolyl thioether (CHAPMAN), 2298. 
C,,H,,ON, Acetophenone-3-diphenylaminosemicarbazone (BAIRD and WILsoN), 
2375. 


C.,H.,0,N, Tetra-acetyl-2:7-diaminofluorene (MorGAN and THOMASON), 2695. 
C.,H,,0,N, 6:7-Dimethoxy-1-(3’:4’-methylenedioxy-w-cyanobenzy])-2-methyltetra- 
hydrotsoquinoline (EDWARDS), 744. 


C.,H,,;0;N Auhydrodihydrocryptopine oxide, and its hydrochloride (HAworTH and 
PERKIN), 1779. 


Anhydrotetrahydromethylberberine oxide, and its hydrochloride (HAWoRTH and 
PERKIN), 449. 


C,,H,,0,N Methyl N-8-veratrylethyl-3:4-methylenedioxyhomophthalamate (Ha- 
WORTH and PERKIN), 1776. 


C.,H,;0,N, Anhydrocotarnine-2:6-dinitrohomoveratrole (GRAESSER-THOMAS, 
GULLAND, and Rosinson), 1976. 


C.,H,;0.N, Ethyl 4-(m-nitro-p-dimethylaminopheny])-2:6-dimethylpyridine-3:5- 
dicarbuxylate (HINKEL and MApEt), 163. 

C,,H,,0,N, Ethyl 4-(m-nitro-p-dimethylaminopheny])-2:6-dimethy]-1:4-dihydro- 
pyridine-3:5-dicarboxylate (HINKEL and Manet), 163. 

C.,H;,0,N, Dihydromethyldihydrothebainonemethine semicarbazone (CAHN), 
2570. 


C,,H,.0,Cl, 8-Stearyl dichlorohydrin (WuxtrTBy), 1460. 


21 IV 
CuH,,0,N,Ni Nickel ethylenediaminobisacetylacetone (MoRGAN and SmIrTH), 
920. 


C.,H,,0,N,Br Ethyl 4-(m-bromo-p-dimethylaminopheny])-2:6-dimethylpyridine- 
3:5-dicarboxylate (HINKEL and Manet), 168. 

C,,H,,0,NI Acetylneopine methiodide (van Dury, Ropinson, and SMITH), 
906. 


C,,H,,0,N,Br Ethyl 4-(m-bromo-p-dimethylaminopheny])-2:6-dimethyl-1:4-di- 
hydropyridine-3:5-dicarboxylate (HINKEL and MapEL), 162. 
C.,H3,0,;NS isoapoMorphine dimethyl ether methosulphate (Ropinson and 
SHINODA), 1994. 
21 V 


C.,H,,ONC1,S, 5:7-Bis-2’:5’-dichlorophenylthiol-8-hydroxyquinoline (BROOKER 
and SMILEs), 1729. 


C., Group. 
C..H,,0, Methoxybenzoylbenzoins (GREENE), 328. 
Triacetyl-2-methylgenistein (BAKER and Rosrnson), 2717. 
C,,H,,0, Triacetylkaempferide (HEAP and Rosinson), 2841. 
C,.H..0, 5:7-Diacetoxy-3:3’:4’-trimethoxyflavone (ALLAN and Rostnson), 2336. 
CosH 011 p-Ethylcarbonato-m-methoxybenzoic anhydride (HzaP and Rosinson), 
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FORMULA INDEX. 22 II—28 II 


CisHssN apoConessine, and its salts (KANGA, AyyAr, and SIMONSEN), 2125. 
CoH 429s 10-Ketobehenic acid (G. M. and R. Roprnson), 2208. 


22 Ill 

C,,H:;0,01 3’:4’-Methylenedioxy-9-styrylxanthylium chloride, and its zine 
chloride double salt (ATKINSON and HEILBRON), 682. 

C,,H,;0;Cl 3:6-Dihydroxy-4’:5’-methylenedioxy-9-styrylxanthylium chloride 
(ATKINSON and HEILBRON), 683. 

C,,H,,0,C1 4’-Methoxy-9-styrylxanthylium chloride, and its ferrichloride (ATKIN- 
son and HEILBRON), 681. 

C.,H,,0;Cl 4’-Hydroxy-3’-methoxy-9-styrylxanthylium chloride (ATKINSON and 
HEILBRON), 682. 

C..H,,0,C1 3:6-Dihydroxy-4’-methoxy-9-styrylxanthylium chloride - (+ H,O) 
(ATKINSON and HEILBron), 683. 

4’-Hydroxy-9-styrylxanthylium chloride (ATKINSON and HeILBron), 680. 

C.,H,,0,Cl 3:4’:6-Trihydroxy-5’-methoxy-9-styrylxanthylium chloride (ATKINSON 
and HeiLBron), 683. 

C.2H1,0,N, 1-Hydroxy-3-(4’-nitropheny])-1:3-dihydrophthalazine-4-acetanilide 
(RowE, Levin, Burns, Davigs, and TEPPER), 702. 

C..H, NS, Di-p-tolylthiolphenylacetonitrile (BRookER and Sm1LEs), 1726. 

C,,H,.ON, Dibenzyl ketone 3-anilinosemicarbazone (Barrp and W11son), 2373. 

C,.H,;0,N, Dibenzyldimethylammonium picrate (Goss, INcoLp, and Wu1son), 

52. 


C,.H,;0,N Narcotine oxide (DRUMMOND and McMILLAN), 2704. 

C.,H.30,Cl 4’-8-Glucosidoxy-7-hydroxy-3-methoxyflavylium chloride (+ $H,0) 
(KoBERTSON and Rosinson), 1717. 

C.,H,;0,N,; Auhydrocotarnine-2-nitro-4-acetylamino-3-methoxytoluene (ROBINSON 
anu SHINODA), 1992, 


C,,H,,0,N Hydroxy-acid, and its salts, from narcotine oxide (DRUMMOND and 
McMILuan), 2704. 


C..H,.0,N, 4:4’-Dipiperidino-3:5’-dinitrodiphenyl (Lz Fivre and Turner), 
1764. 


C..H,,0,N; Anhydrolaudaline-2-nitro-4-acetylamino-3-methoxy toluene (ROBINSON 
and SHINODA), 1991. 


C,,.H.,0,N,; Anhydrolaudaline-2-amino-4-acetylamino-3-methoxytoluene (+ H,O) 
(KoBINSON and SHINODA), 1998. 


C..H;,0,N Cubebol phenylurethane (HENDERSON and RoBERTSON), 2815. 


22 IV 
CuHls,0C1S, 2:4-Bis-2’:5’-dichlorophenylthiol-1-naphthol (Brooker and SMILEs), 


C.2H,,0,C1,S, Ethyl bis-2:5-dichlorophenylthiolphenylacetate (BRooKER and 
SmILEs), 1726, 


CuH,,0.NBr, Cubebol phenylurethane dibromide (HENDERSON and RoBERTSON), 
2815. 


C.; Group. 
C,3H,,0,: Acetate of substance C,,H,,0, (Coox), 2171. 
C,;H,,0, 9-Benzylanthranyl 10-acetate (Cook), 2165. 
Dihydroanthraphenone acetate (Cook), 1682. 
C,;H,,.N, leuco-3:6-Tetramethyldiamino-9-phenylfluorene (DutT), 1181. 
C.3H,;N; Substance, from a-picoline and Michler’s hydrol (HuMPHRIES), 375. 


C,3H,,0,, p-Tetra-acety]-8-glucosidoxy-w-methoxyacetophenone (ROBERTSON and 
Kosinson), 1716. 
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23 I1—24 III FORMULA INDEX. 


C.,Hs,0,, Ethyl w-1:3:4-tricarbethoxy-2-keto-cyclopentylmethylsuccinates (INGoLD 
and SHOPPEE), 1916. 


23 III 
CraHls20.N, 3-Methoxy-2-ethoxyphenanthraphenazine (ALLAN and Rostnson), 


Cl,,0,P Diphenylnaphthylmethylphosphinic acids, and their salts (Born and 
SMITH), 2331 

C.3H,,0,N 4-Acetylbenzoylamino-4’-acetoxydiphenyl (BELL and Kenyon), 2713. 

C,;H,,0N Benzoyl-2-methyl-1:2:3:4-tetrahydroacenaphthpyridine (Narr and 
SIMONSEN), 3142. 

C,;H.,0;N, »-Nitrobenzylideneacetylisopropylidenebenzidine (DENNETT and 
TURNER), 481. 

CraHHs 0,01 4’-B-Glucosidoxy-7-hydroxy-3-methoxy-5-methylflavylium chloride 

+ 1$H,0) (Roperrson and Rosrnson), 1719. 

CH, 0.N, Anhydrocotarnine-2:4-diacetylaminotoluene (RopINsoN and Wesz), 

1935. 


23 IV 
CxsH,,0C1,P iia aaa dichlorides (Boyp and 
Sm1TH), 2330. 
C,;3H,,ONS, 5:7-Di-p-tolylthiol-8-hydroxyquinoline (BRooKER and SmILEs), 1729. 
CrsHa0,NCl 3:6-Dihydroxy-4’-dimethylamino-9-styry]xanthylium chloride 
(+ H,O) (ArKrNsoN and HEILBRON), 683, 


CraHs0 N,I Dehydro-anhy:lrolaudaline-4-acetylamino-3-methoxytoluene meth- 
odide (ROBINSON and SHINoDA), 1994, 


C., Group. 
CyH,,N, Phenazineazineazine (Durr), 1180. 
Cy.H.eN, 3:3’-Dicarbazyl (TuckEr), 3037. 
CyH,.N, 4:4’-Di-1”:2”:3”-benztriazolyldiphenyl (TuckEr), 3036. 
C.4H,,0, 5:7-Dihydroxy-4’-methoxy-2-styrylisoflavone (BAKER and Rosrnson), 
2718. 


C,,H,,N, Benzeneazobenzeneazobenzeneazoaniline (Dur), 1177. 
CyH,..0, 1-a-Naphthyl-2:2-diphenylethylene glycol (McKENzIzE and DENNLER), 
1601. 


CysH,.0,, Tetra-acetylisorhamnetin (HEAP and RoBINnson), 2343. 
CHa sN, NN’-Di-o-aminophenylbenzidine, and its dihydrochloride (TuckEr), 
3 


C,,H;,0,¢ Hepta-acetyl methylmaltoside (IRviNE and Back), 874. 
C..H3,0,, Heptamethyl methylmaltoside (Irvine and Biacr), 870. 
eaHgoN, Conessine (Kanca, Avyar, and SImonsEN), 2123. 


24 III 
CrcHsON, 8:3’-Dinitro-4:4’-diphenoxydiphenyl (LE Fivre and Turner), 


0,.H,,0N. Benzeneazobenzeneazobenzeneazophenol (Dutt), 1177. 
C..H,,0,Te, pp’-Diphenoxydipheny] ditelluride (Drew), 228. 
C.4H,,0,N, 3:3’-Dinitro-4:4’-dianilinodiphenyl (Lz Fivre and Turner), 2048. 
Di-o-nitrophenylbenzidine (TuckER), 3034. 
C,.H,,0,Te, Phenoxtellurone (Drew), 3069. 
Costs 0.N Di-w-6-nitropiperonylisobutyrophenone(PERKIN, RAY, and Rosrxson), 
947 


Cy.H,.N,AS, 10:10’-Bis-5:10-dihydrophenarsazine (BURTON and Gipson), 2246. 
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FORMULA INDEX. 24 I1I—25 IV 


C.,.HON, B-1-Naphthylaminocrotono-1-naphthylamide (Gisson, HARIHARAN, 
Menon, and SIMONSEN), 2253. 

C.4H,,0,N Triacety] derivative of dihydroxydihydrocodeine (CAHN and Rogrnsoy), 
910. 


241V 
C.4H1.0,01,S, _2:4:6-Tri-2’5’-dichlorophenylthiolresorcinol © (BRrookER and 
SMILEs), 1728. 
C.4H1s0,Cl,S, 2:4:6-Tri-p-chlorophenylthiolresorcinol (Brooker and SMILEs), 
1728. 


C.,H,50;01,;S, 2:4:6-Tri-p-chlorophenylthiolphloroglucinol (BrookER and §MILEs), 
1727. 

C,4H,.0,C1,S, 2:4-Di-4’-chlorophenylthiol-1-naphthol (Brooker and SMILEs), 
1728. 

C.4H,.0,N,S, Substance, from diaminothianthren and resorcinol (SEN and RAy), 
1141, 


C.4H160,0S.T@, Phenoxtellurine sulphate (Drew), 3070. 

C4H,,0,C],Te pp’-Diphenoxydiphenyltelluridichloride (DrEw), 227. 

C.4His0.NeS, Thianthren-2:6-bisdiazoaminobenzene-4’-sulphonic acid (SEN and 
RAy), 1141. 

C.4H.o0,N.S, 1-Acetylaminonaphthyl 4-disulphoxide (CHILD and Sm1xEs), 2701. 

C,.H,,.0,STe, Diphenoxtellurylium hydroxybisulphate hydrate (DREW), 3067. 

C..H,,0,,5,T@, Diphenoxtellurylium dibisulphate dihydrate (DREw), 3069. 

C,,H,,0,;8,Te, Diphenoxtellurylium dibisulphate trihydrate (DREW), 3068, 

C,,H..0,,S,Te, Diphenoxtellurylium dibisulphate disulphurie acid trihydrate 
(DREW), 3067. 

C,,H;;0,N,I Bis-p-dimethylaminobenzylidene pentaerythritol methiodide (Farr- 
BOURNE and WooDLEY), 3241. 


24 V 


C,,H,.0,N,S,As, 3’-Aminobenzenesulphonyl-4-aminoarsenobenzene (HEWITT, 
Kine, and MurcH), 1364. 


C,; Group. 


C,;H,,0 Di-p-naphthylvinyl ketone (Gipson, HARIHARAN, MENON, and 
SIMONSEN), 2257. 

C,;H,,N,; 4-Diazomethylaminodiphenyl (Bett, Kenyon, and Rosrnson), 1246. 

C,;H,,.N, p-Benzeneazo-p’p”-diaminotriphenylmethane (Dutt), 1175. 


25 III 
C,sH,.ON, s-Di-5-acenaphthylcarbamide (Nair and SrmonsEn), 3143. 
C,sH,,0,CI 7-Methoxy-4-phenyl-2-p-hydroxystyryl-3-methylbenzopyrylium _ per- 
chlorate (HEILBRON and Zaki), 1904. 
C.;H,,.ON, Carbonylbenzidine, and its sulphate (Lz Fivre and Turner), 2483. 
p-4-Hydroxy benzeneazo-pp”’-diaminotriphenyl methane (Dutr), 1176. 
C,;H,,O,N, 3:6-Tetramethyldiamino-9-pheny!fiuorene acetate (Durr), 1182. 
C.;H..0,N, Benzoyl derivative of condensation product of 8-phenylhydroxylamine 
and acetone (BANFIELD and KENyon), 1622. 
C.sHuBrAs Tricyclohexylarsine benzobromide (RosERts, TURNER, and Bury), 


25 IV 


C,;H0,N,,Cu, Substance from cuprous cyanide, hydrocyanic acid, and ethylene- 
diamine (MORGAN and BursTALL), 2025. 
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26 I1—26 III FORMULA INDEX. 


C.; Group. 


C.,H:. Bisdiphenylene-ethylene, absorption spectrum of (CAPPER aud Manrsu), 
725. 


C.~Hy» 9:10-Diphenyl-9:10-dihydroanthracene (INGoLD and MarsHALL), 8084. 


26 II 
C.,H,,.Cl, 9:10-Di-p-chlorophenylanthracene (INGOLD and MARSHALL), 3085. 
C.~H,Br, 9:10-Di-p-bromophenylanthracene (INGoLD and MARSHALL), 8086. 
C.,H,,Cl 2-Chloro-9:10-diphenylanthracene (INGoLD and MARSHALL), 3087. 
C,,H,;,Br 2-Bromo-9:10-diphenylanthracene (INGOLD and MARSHALL), 3087. 
CooHsN, Quinoxaline derivative of 3:4-diaminodiphenyl (BELL and Kenyon), 
2708. 


C.,H,,Cl, 9:10-Di-p-chlorophenyl-9:10-dihydroanthracene (INGoLD and Mar. 
SHALL), 3086. 

C.g¢HigK, 9:10-Dipotassio-9:10-diphenyl-9:10-dihydroanthracene (INGOLD and 
MARSHALL), 3084. 

C,,HisNa, 9:10-Disodio-9:10-diphenyl-9:10-dihydroanthracene (INGoLD and 
MARSHALL), 3084. 


C.,H,.0 Substance, from dehydration of 1-a-naphthyl-2:2-dibenzylethylene 
glycol (McKEnzig and DENNLER), 1602. 


C,,H,;N, Benzeneazobenzeneazobenzeneazodimethylaniline (Durr), 1177. 
C,,H,;0, 1-a-Naphthy]l-2:2-dibenzylethylene glycol (McKENz1z and DENNLER), 
1601. ; 


C.¢H..0, Bornyl dimethoxysuccinates (PATTERSON, FULTON, aud SEMPLE), 
3225. 

C,,H;,0 Ketone, from oxidation of paraffin wax (FRANCIS and GAUNTLE1T), 
2381. 

C,,H,,0 Alcohol, from oxidation of paraffin wax (FRANCIS and GAUNTLETT), 
2381. 


26 III 

C,,H,,.Cl,Br, 9:10-Dichloro-9:10-di-p-bromopheny]-9:10-dihydroanthracene (Iv- 
GOLD and MARSHALL), 3088. 

C,,H,,0S, 2-Phenyl-1:3-benzdithiole 2-oxide (HURTLEY and SmILEs), 1827. 

C..H,,0,N, Dianilinoanthraquinone (GREEN), 1433. 

C,,H,,0,Cl, 9:10-Dihydroxy-9:10-di-p-chloropheny]-9:10-dihydroanthracene (In- 
GOLD and MARSHALL), 3085. 

C,,H,,0,Br, 9:10-Dihydroxy-9:10-di-p-bromopheny]-9:10-dihydroanthracene (IN- 
GOLD and MARSHALL), 3086. 

C.,.H,,0,Cl 2-Chloro-9:19-dihydroxy-9:10-diphenyl-9:10-dihydroanthracene (Iv- 
GOLD and MARSHALL), 3087. 

C.,H,,0,Br 2-Bromo-9:10-dihydroxy-9:10-dipheny]l-9:10-dihydroanthracene (IN- 
GOLD and MARSHALL), 3087. 

CacH905Ns p-Nitrobenzylidenesalicylidenebenzidine (DeNNETT and TvuRNER), 
481. 


C.¢H..0,N, 3:4-Dibenzoyldiaminodiphenyl (BELL and Kenyon), 2708. 
Disalicylidene-3:5-diaminodiphenyl (DENNETT and TURNER), 481. 
C,,.H..NBr 9-Benzylanthrany]-10-pyridinium bromide (Cook), 2167. 


C..H..N.Br, Hydrazobenzaldehyde-2:4-dibromophenylhydrazone (CHATTAWAY 
and Parkgs), 116. 


C,,H,,0;P m-Benzoyloxytriphenylmethylphosphinic acid, and its salts (Boyp and 
Smita), 2330. 


C,,H,,0,N, 3:3’-Dinitro-4:4’-dimethylanilinodiphenyl (Lz Fivre and TuRNER), 
2048, 
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FORMULA INDEX. 26 IlI—28 II 


Benzoyl-6:7-methylenedioxy-3-(3’:4’-dimethoxybenzoy]l)-1:2:3:4-tetra- 

CeO aquinaline awemne, ope tan and Paeameh. 39. ” 

C.,.H3:0.N Cubebol a-naphthylurethane (HENDERSON and RoBerrtson), 2815. 

C,,Hs:0.Ns Substance, from anhydrolaudaline-2-nitro-4-amino-3-methoxytoluene 
and acetic anhydride (RoBINSON and SurNop4), 1991. 

26 IV 

C,,H:,0C1,S, Phenyl aa-bis-2:5-dichlorophenylthiolbenzyl ketone (BROOKER and 
SMILES), 1727. 

C.,H,s0,N.Br, Disalicylidene-4:4’-dibromo-2:3’-diaminodiphenyl (DENNETT and 
TURNER), 479. 

C,sHaoN,BrsS _ 3:5-Diphenylimino-2:4-diphenyltetrahydro-1:2:4-thiodiazole octa- 
bromide (HuNTER), 536. 

CzeHooNIgS_ 3:5-Diphenylimino-2:4-diphenyltetrahydro-1:2:4-thiodiazole hexa- 
iodide (HUNTER), 536. ' 

C,.H,,0,N,C], Di-Meldola’s blue (Durr), 1180. 

C,,H,,0,N,AS, 3’-Aminobenzoyl-3-amino-4-hydroxyarsenobenzene (HEWITT and 
Kine), 828. 

Orel Dea, Aminohydroxybenzoylaminohydroxyarsenobenzenes (HEWITT and 

ING), 


C.<H230,Cl,Fe — 7-Methoxy-4-phenyl-2-p-methoxystyry]-3-methylbenzopyrylium 
ferrichloride (HEILBRON and Zak!), 1905. 
C,,H,;0,C]l,Fe —7-Methoxy-4-p-anisyl-2-p-hydroxystyryl-3-methylbenzopyrylium 
ferrichloride (HEILBRON and ZAKI), 1906. 
7-Methoxy-4-phenyi-2-p-hydroxy-m-methoxystyryl-3-methylbenzopyrylium ferri- 
chloride (HEILBRON and Zak1), 1905. 


C,~H.,0,N,Cu, Ethylenediamminodicupric _ bisethylenediaminobisacetylacetone 
(Morean and Smith), 919. 
26 V 


C,,H.s0,N.S,AS, 3’-Aminotoluene sulphonyl-4-aminoarsenobenzene (HEWITT, 
Rina, and Murcn), 1362. 
C., Group. 
C,,H,,0 Phenylanthraphenone (Cook), 2170. 
C,;H,,O 10-Phenyl-9:10-dibydroanthraphenone (Cook), 2171. 
CoH N p-4-Dimethylaminobenzeneazo-p’p”-diamivotriphenylmethane (Durr), 


C,,H,,N,; Substance, from quinaldine and Michler’s hydrol (HumPuHRiEs), 375. 
27 III 
C,,H,,0,N, Benzylidenephthalylbenzidine (Lr Fkvre and TurNEr), 2482. 
C,,H,,0,N, Salicylidenephthalylbenzidine (LE FivrE and TURNER), 2482, 
C,,H,,0,S, 2:4:6-Tri-p-tolylthiolphloroglucinol (BrookER and SmIEs), 1727. 
27 IV 
C,,H,,0,C1,S, Phenyl ° a-5-chloro-2-methoxyphenylthiol-a-2:5-dichlorophenyl- 
thiolbenzy! ketone (Brooker and Smrxs), 1727. 
C,,H,0,NCl 7-Methoxy-4-phenyl-2-p-dimethylaminostyryl-3-methylbenzopyryl- 
ium perchlorate (HEILBRON and ZAKI), 1905. 
; 27 V 
C,,H,.O,NCl,Fe 7-Methoxy-4-phenyl-2-y-dimethylaminostyryl-3-methylbenzo- 
pyrylium ferrichloride (HEILBRON and 4AKt), 1905. 


C., Group. 
C.sH,, Dihydrodianthranyl (Marruews), 239. 
Cy.H,, 9:10-Di-p-tolylanthracene (INGoLD and MarsHALL), 3085. 
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28 II—29 Ill FORMULA INDEX. 


28 Il 
C,,H,,Br, Dibromodihydrodianthrany] (MaTrHEws), 239. 
C.,H,,0 10-Benzylanthraphenone (Cook), 2169. 
C,sH.,0, 9:10-Dibenzoy]-9:10-dihydroanthracene (Cook), 1683. 
C.sH,,0 10-Benzyl-9:10-dihydroanthraphenone (Cook), 2170. 
C,,H,,0, 9:10-Di-p-anisylanthracene (INGoLD and MarsHA.t), 3086. 
Coal s,0, 5:7-Diacetoxy-4’-methoxy-2-styrylisoflavone (BAKER and Rostnsoy), 
2719. 


C..H..K, Dipotassio-9:10-di-p-tolylanthracene (INcoLD and MarsHALL), 3085. 

C,sH,.Na, Disodio-9:10-di-p-tolylanthracene (INGOLD and MarsHA tt), 3085. 

C.sH,,O, 9:10-Dihydroxy-9:10-di-p-tolyl-9:10-dihydroanthracene (INGOLD and 
MARSHALL), 3085. 

C.,H,,O, 9:10-Dihydroxy-9:10-di-p-anisy]-9:10-dihydroanthracene (INGoLD and 
MARSHALL), 3086. 

C.,H,,0, 5-Acetoxy-7:4’-dimethoxy-2-styryl-6-methylisoflavone (BAKER and 
Rosinson), 2719. 

CrsH 440 d-a8-Dipheny]-a8-dibenzylethyl alcohol (McKEnziz, Rocrr, and WILLs), 

90. 


C.sH,,0 Substance, from C,,H,,0, and acetic acid (Farrow and Kon), 2135, 
C,sH;,,N;, Substance, from p-toluquinaldine and Michler’s hydrol (Humpuniss), 
375. 


C,sH,,0, Substance, from a-A'-cyclohexenylacetophenone and sodium ethoxide 
(FaRRow and Kon), 2135. 


C,sH;,0 Ketone, from oxidation of paraffin wax (FRANCIS and GAUNTLETT), 2381. 
C,sH,,0 Alcohol, from oxidation of paraflin wax (Francis and GAUNTLET), 
2381. 


28 III 
C,sH,,0,N Nitrohydrodianthranyl (MarrHEws), 239. 
C.sH,.0,.N, 9:9’-Diacetyl-3:3’-dicarbazyl (TucKER), 3038. 
C,.H,,0,N Di-p-toluidinoanthraquinone (GREEN), 1434. 
C.sH,.0,.N, NN’-Diacetyl-NN’-di-o-nitrophenylbenzidine (TuckEr), 3035. 
Cools OM, . ai eae ieee iene (Narr and Srmoy- 
SEN), 3142. 
C.sH..0,S, 2:4:6-Tri-p-tolylthiolorcinol (BRooKER and SMILxs), 1728. 
C,sH,,0,N, d- and /-cis-2:5-Dimethylpiperazine-d-bismethylenecamphor (K1Ppine 
and Pope), 1078. 
28 IV 


C,:H,,0,N,Cl, Dichlorodinitroanthrany] (MaTTHEWs), 240. 
C,sH,,0,N,As, 10:10’-Bis-5-acetyl-5:10-dihydrophenarsazine (BURTON and GiB- 
SON), 2247. 
28 V 


C.sH,,0,NC],Fe 7-Methoxy-4-p-anisy]-2-p-dimethylaminostyry]-3-methylbenzo- 
pyrylium ferrichloride (HEILBRON and ZAxk1), 1906. 


C.» Group. 
i Ketone, from oxidation of paraffin wax (FRANCIS and GAUNTLET1), 
2381. 
29 III 


C.,H,N;I Substance, from p-toluquinaldine methiodide and Michler’s hydrol 
(HumMpHRIEs), 375. 
3358 


ee 


iy 
i” 
ies 
if 
& 
a 
9 
Bi] 
" 
* 
fe 


IN- 


[B- 


ol 


Sere el Na 


FORMULA INDEX. 30 II—34 IV 


Cy Group. 
CsoHso Squalene, constitution of (HEILBRON, Kamm, and OwEns), 1680. 
CyoH 2 Dodecahydrosqualene (HEILBRON, HILDITCH, and Kamm), 31365. 
30 II 
CyoH.,0, Benzoylvanillic anhydride (HEar and Rozrnson), 2342. 
CypHseBrs Squalene hexahydrobromide (HEILBRON, Kamm, and Owens), 1641. 
30 III 
CscH2:0N, Benzeneazobenzeneazobenzeneazobenzeneazophenol (Dutt), 1178. 
CsoHs:0,;C1 4’-Tetra-acetyl-8-glucosidoxy-7-hydroxy-3-methoxyflavylium chloride 
(ROBERTSON and Rosixson), 1717. 
CsoHgc0;N, Tribenzoyltriaminotripropylamine (MANN and Pops), 492. 
30 IV 
CyoHisOcClS, 2:4:6-Tri-2’:5’-dichlorophenylthiolphloroglucinol (BRooKER and 
Sm1LEs), 1727. 
CsoH..0,N,Cu Copper w-4-nitrobenzoylacetophenone (BRADLEY and Rosinson), 
2364. 


Cyo0H0;S;Ni Nickel thioleamphor (DRuMMoND and GiBson), 3076. 


80 V 
CoH,,0,C1,S,Sn, Thioleamphor stannochloride (DRUMMOND and GrBson), 8076. 


C;, Group. 
C;,H..N.Br, 9-Benzyl-9:10-dihydroanthraquinyl-9:10-dipyridinium = dibromide 
(Cook), 2167. 
Cs:H3.N,S Bis-dibenzyl ketone thiocarbohydrazone (STEPHEN and WILSON), 
2537. 


C;,H;,;0,,Cl 4’-Tetra-acetyl-8-glucosidoxy-7-hydroxy-3-methoxy-5-methylflavyl- 
ium chloride (+- H,O) (RoBERTsoNn and Ropinson), 1719. 


Cz. Group. 


C;,H,,N, Benzeneazobenzeneazobenzeneazobenzeneazodimetbylaniline (Dutt), 
1178. 


32 IV 
Cs,H..0,N,S, Substance, from diazotised diaminothianthren and #-naphthol 
(SEN and RAy), 1141. 
C;; Group. 
C33H,,0, 9-Hydroxy-9-triphenylmethylanthrone (INGoLD and MARSHALL), 3087. 
C;,;H,,0, 5-Hydroxy-7-cinnamoyloxy-4’-methoxy-2-styrylisoflavone (BAKER and 
RoBinson), 2718. 
33 III 


C;3H;.0,N, Triphthalimidotripropylamine (MANN and Popr), 491. 


83 IV 
CosHs,O.N Br Triphthalimidotripropylamine hydrobromide (MANN and Pops), 
490. 


Cs, Group. 
Cs4H,,0,) Difluorescein (Durr), 1180. 
C;,H,.N, Bistetramethyldiaminodiphenylmethane (Durr), 1178. 
34 IV 
C;,H,,0,N,Cl, Dipyronine G (Durr), 1179. 
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36 II—50 II FORMULA INDEX. 


Cz, Group: 


C,,H3,0,N, Pyrazine from isonitroso-3:4-dimethoxyphenyl 8:4-methylenedioxy. 
B-phenyl ethyl ketone (CAMPBELL, HawortH, and PerKIN), 38. 

CssH,,0,Cu Copper ‘sopropoxybenzoylacetophenone (BRADLEY and Rosrnsoy), 
2362. 


CogH;,0i;,Cu Copper 3:4:5-trimethoxybenzoylacetophenone (BRADLEY and Rosiy- 
Son), 2366. 


36 IV 
CseHz,0,.5,Te@, Phenoxtellurine dibisulphate (Drew), 3070. 


Css Group. 


CzsHgoN, 9:10-Dianilino-9:10-diphenyl-9:10-dihydroanthracene (INGOLD and 


MARSHALL), 3083. 
38 III 
C,,3H,.0,N, Bistetramethyldiaminodiphenylearbinol diacetate (Durr), 1178. 


C;, Group. 


C,;,H;,ON, Benzylidenecarbonylbenzidine (Le Fivre and Turner), 24838. 
CssHyo03N, Salicylidenecarbonylbenzidine (LE Fzvre and TurNER), 2483, 


Ca Group. 
C,,H;,0, Substance, from benzyl methyl ketone and salicylaldehyde (DickrNson), 
2239. 


C.,. Group. 
CwHs,0, 10:10’-Dibenzoyl-9:9’:10:10’-tetrahydro-9:9’-dianthranyl (Cook), 1680. 
CyHy»Sn, Hexabenzyldistannane (Law), 3243. 


C,, Group. 


C,sH;,0, Dibenzoyltetrahydrodianthranyl diacetate (Cook), 1683. 
CusHsoN, Zewco-Dimalachite-green (Dutt), 1179. 


C;, Group. 


C50H;,0,N, Dimalachite-green diacetate (Durr), 1179. 
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1998 
2814 


2816 
3042 
3045 


455 
463 
464 
1032 
1042 


1043 
1896 


ERRATA. 


Vou. 115 (1919). 
Line 
6% for ‘*0°81617” read *‘ 0°81417.” 


Vou. 127 (1925). 


20 = for ** 2880” read ‘‘ 2889.” 

31 for ‘*2 mols. of neutralised sodium oxide to 1 mol. of silica” 
read **1 mol. of neutralised sodium oxide to 2 mols. of silica,” 

3 for *0°405N” read **0°0405N.” 

10* ‘for “CHO,CIBrS” read “ CH,0,C1BrS.” 

22 = for **CgH,O,” read ‘*CgH,O,N,,” and transfer the two entries to 
sub-group 6 III. 


Vou. (1926). 


2. jor ‘*10-acetyl-5 : 10-dihydrophenarsazine” read ‘‘10-acetoxy- 
5 : 10-dihydrophenarsazine.”’ 


15 for ‘*Thomson ” read ‘* Thomsen.” 

20* The work to which reference is made in the sentence beginnin 
**It was after his return to South Kensington . . .” was aa 
out at the Government Laboratory, with A. G. Francis as Sir 
Edward Thorpe’s collaborator. The results were published in 
1910. 

13 for ‘Government Chemists’ Department” read ‘‘ Department of 
the Government Chemist.” 

14* for ‘* Hertz” read ‘‘ Herty,” and for ‘‘ 1892, 14, 107” read ** 1896, 
18, 290.” 


* From bottom. 
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PUBLICATIONS OF THE SOCIETY. 


With the exception of certain numbers of the Journals and Pro- 
ceedings which are out of print, the following publications may be 
obtained from Messrs. Gurney and Jackson, 33, Paternoster Row, 


E.C.4 : 


Price to Price to 


Jubilee Volume (giving history of the Chemical Society 
from 1841—1891)... ... 
Memorial Lectures, Vol. ‘L, 1898-1900 (Reproduced) .. 
Vol. II. 1901-1913 ... ... ° 
Library Catalogue, 1903 nies a dees ae 
Cases for binding the Journal in 4 vols. ... ove per ann. 
Tables of International Atomic Weights for "1925 (as recom- 
mended by the International Atomic Weights Committee) : 
Price to Fellows : 
On Cards: 1s. 6d. per dozen; 5s. 6d. for 50; 10s. 6d. per 100. 
On Paper: 6d. per dozen; 1s. 6d. for 50; 2s. 6d. per 100. 
(Suitable for pasting into Note Books.) 
Price to Public: 
On Cards: 2s. per dozen; 7s. 6d. for 50; 14s. per 100. 
On Paper: 8d. per dozen; 2s. 3d. for 50; 4s. per 100. 


Nore.—With the exception of the Collective Indexes, the above publications are 
sent post free to Fellows. 
* Included with Journal as from Janwary, 1915. 
t As from Janwary 1924, the Abstracts were separated from the Transactions and 
were published independently. 
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Fellows. Public. 
£24. £44 
Memoirs and Proceedings, 1841—1847 (3 Vols.) ... per vol. 1 0 0 110 0 
Quarterly Journal, 1848—1862 (14 Vols.) ...... per vol. 1 0 0 110 0 
», (Single — w+ per part 5 0 7 6 
Journal, 1862-1895 so ‘ee ... perann. 110 0 110 0 
mM 34 ae Parts) elas, dad: 3c 2 6 2 6 
i 1896—19 sate os. aoe Se See 20 0 
ve M(Siugle Parts) seul pen se) . woh 3 6 3 6 
Journal and Proceedings, 1915—1923__... ... perann. 310 0 4 0 0 
Se aid a6 oe (Single Parts) ... per part 6 0 ; « 
oe we = 1924 . .. perrann. 115 0 20 0 
‘(Single Parts) ... per part 3 0 4 0 
Abstracts in Pure ‘Chemistry, 1924 ... . perann. 115 0 20 0 
99 (Single Par ts) per part 3 0 4 0 
Jounal and Proceedings, 1925 (onwards) , . perann. 210 0 8 0 0 
(Single Parts) per part 4 6 6 0 
Abstracts in Pure ‘Chemistry, 1925 ... . perann. 2 0 0 210 0 
” 9 ” ” (Single Parts) per part 3 6 5 0 
sa a a 1926 (onwards), ... perann. 212 0 31060 0 
», (Single Parts) per part 4 9 6 6 
"(Issued by the Bureau of Chemical Abstracts) 

Journal and Abstracts together, 1925... - perann. 4 5 0 5 0 0 
” 1926 (onwards) perann. 415 0 510 0 
*Proceedings, 1885—1914 ... . per vol. 7 6 7 6 
me (Single Parts) .. . per part 6 6 

Annual Reports on the Progress of Chemistry (bound in cloth) 
Vol. I (1904) to Vol. XX. (1923) ... ... per vol. 6 0 6 
Vol. XXI ( eg gee <5 aah Gen ED We 8 6 10 6 
Collective Index, Vol. I. 1841—1872... ... ... per vol. 2 0 0 
a _ » IL 1878—1882... ... ... per vol. 5 0 0 
a » III. 1888—1892... ... ... per vol. 7 6 6 
ia ji » IV. 1898—1902... ... ... per vol. 10 0 10 0 
” ” V. 1908—1912... ... ... pr vol. 2 0 O 210 0 
VI. 1918—1922... pervol. 3 5 0 5 0 
6 6 
0 6 
0 0 
6 6 
6 6 
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NOTICES TO AUTHORS OF PAPERS. 


The attention of Authors is directed to the following regulations 
of Council regarding Scientific Communications submitted to the 
Chemical Society : 

1. All Scientific Communications for the Journal should be 
addressed to “The Secretaries, Chemical Society, Burlington 
House, W.1.” 

2. No paper can be included in the list of Scientific Communica- 
tions to be brought before a Meeting of the Society unless received 
by the Secretaries by the Thursday previous to the day of Meeting. 
All papers should be accompanied by a separate précis—not 
exceeding in general 250 words—setting out the broad results of the 
investigation. Every author is requested to submit typescript in 
double-line spacing; if this is not possible, the manuscript must be 
submitted in a form easily legible. Footnotes in papers add con- 
siderably to the cost of printing; authors are requested, therefore, 
not to use them unless necessary. 


3. The Society reserves the right to retain the Manuscript and 
illustrative drawings of all papers sent to it, and authors are there- 
fore advised to keep copies. This right is not usually exercised in 
respect of illustrative drawings. When papers have been accepted 
for publication the authors are not at liberty, save by permission of 
the Council, to publish them elsewhere until such papers have 
appeared in the Journal of the Society. Papers which are retained 
by the Council after being judged unsuitable for publication in 
the Journal are deposited in the Archives of the Society. 


4. Communications which have appeared in any other Journal 
shall not be published in the Journal of the Chemical Society 
unless this course is approved by a special vote of the Council. 


5. The address to which proofs are to be sent should be written 
on every paper. 


6. Authors resident overseas are requested to name agents in 
Britain to whom may be referred matters concerning their papers, 
including the correction of proofs, in order that delay in publication 
may be avoided. 


7. Illustrations accompanying the papers must be carefully drawn, 
about twice the size of the finished block, on smooth, white Bristol 
board in Indian ink. Any lettering on the margins of drawings 
should be in pencil. Further information can be obtained from 
Dr. C. Smith, 68, Coombe Road, Croydon. 


8. If any Author requires more than. the number of reprints 
(without wrappers) allowed by the Society, namely, 10 plus 10 extra 
for each author in excess of one, or desires to receive his reprints in 
wrappers and is willing to pay the extra cost thereby involved, be 
should inform Dr. Smith at the time he sends in the corrected proof. 
Extra copies will be supplied at rates which can be obtained from 
the Editor. 


